an-ains  HOSK I NS-WESTERN-SONDEREGGER  INC  LINCOLN  NE  F/G  13/13 

AD  A1Q5  2  NATIONAL  DAM  SAFETY  PROGRAM .  LAKEVIEW  PARK  DAM  (MO  30288)  MISSI-- ETC <U) 
OCT  80  R  S  DECKER*  G  JAMISON*  G  ULMER  DACK43-80-C-0071 

UNCLASSIFIED  NL 


XDA105273 


MISSISSPPI  -KASKASKIA-ST.  LOUIS  BASIN 


LAKEVIEW  PARK  DAM 

ST.  FRANCOIS  COUNTY.  MISSOURI 

MO  3028S 


PHASE  1  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


of 

.Scratng  <he  Army 


Army 


St.  Louis  District 


PREPARED  BY:  U.S.  ARMY  ENGINEER  DISTRICT,  ST.  LOUIS 


FOR:  STATE  OF  MISSOURI 


S 


DTIC 

ELECTE 
OCT  9  1981 


OCTOBER,  1980 


DISTRIBUTION  STATEMENT  A 

Approved  for  public  release; 

Distribution  Unlimited 

. . . . 1 


81  10  1  101 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wh tn  Data  Entered) 

REPORT  DOCUMENTATION  PACE  I 

'•  REPORT  NUMBER  |2.  GOVT  ACCESSION  NO.  3  RECIPIENT'S  CATALOG  NUMBER 


I.  REPORT  NUMBER 


♦-title  (and  Submit) 

Phase  I  Dam  Inspection  Report 
National  Dam  Safety  Program 
Lakeview  Park  Dam  (MO  30288) 

St.  Francois  County,  Missouri 

T-  authors; 

Hoskins-Western-Sonderegger ,  Inc , 


s.  type  of  report  a  period  covered 


Final  ^Report,, 


«.  PERFO'RMINO  QBBf REPORT  NUMBER 


ft.  CONTRACT  OR  GRANT  NUMBER(a) 


DACW43-80-C-0071 


9-  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  * 

U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  ,  ' 

U.S.  Army  Engineer  District,  St.  Louis  (  /  / 

Dam  Inventory  and  Inspection  Section,  LMSED-PD''- 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

U.  M0M4TORING  AGENCY  NAME  9  AOOBEM("  rHHtetrrt  from  Cain'rolVnt  Ollict) 

i/:  f  -  •■/  Z*  /i.  ■.  r  \~ 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  ft  WORK  UNIT  NUMBERS 


-4*r  -REPORT  ©AYE 

Octetoer  1980  I 

13.  NUMBER  OF  PACES 

Approximately  75 

IS.  SECURITY  CLASS,  (at  thlm  Teport) 


UNCLASSIFIED 

15a.  DECLASSIFICATION/DOWNGRADING 
SCHEDULE 


IS.  DISTRIBUTION  STATEMENT  (of  thft  Raportj 

|  :  ,  *  /  1  l '  ' 

Approved  for  release;  distribution  unlimited. 

I  U  :  '  /’’  <  *  ,  . 


77\ 


1 17.  DISTRIBUTION  STATEMENT  (ot  the  abatract  an  farad  In  Block  20.  II  dill  front  horn  Roport) 


1ft.  SUPPLEMENTARY  NOTES 


National  Dam  Safety  Program.  Lakeview 
Park  Dam  (MO  302^88) 
Mississippi-Kaskaskia  «  St.  Louis 
Basin,  St.  Francois  County,  Missouri. 
Phase  I  In  spection  Report. 


It.  KEY  WORDS  (Continue  on  rmrorao  mldo  if  nocomaary  and  idanttty  by  btock  nutnbar) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


20b  ABSTRACT  fCaottmm  «a  pararaa  ft  naca*a*ry  and  idanttty  by  block  ttumbat) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 


DO  Fe 

W  i  jt 


EDITION  OF  1  NOV  ft*  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fMwi  Dolt  Bnttrod) 


51  *3  012  S' 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PAGE 


RESPONSIBILITY .  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page.  DD  Form  1473,  in 
all  nical  reports  prepared  by  or  for  DoD  organizations. 

CLASSIFICATION.  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 

COMPLETION  GUIDE 


General.  Make  Blocks  1,  4,  5,  6.  7.  11,  13,  15,  and  16  agTee  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 

Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 

Block  4.  Title  and  Subtitle.  Enter  the  title  in  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  English  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  /see 
“Abstracting  Scienti'ic  and  Technical  Reports  o f  Defense-sponsored  RDT/E,  "AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  5.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  l,  such 
as  series  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  Author/ sj.  Include  corresponding  information  from  the  report  cover.  Give  the  name/s.)  of  the  author/sj  in  conventional 
order  ( for  example,  John  R.  Doe  or,  if  author  prefers,  J .  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  Numbeifs,).  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  number/s,)  under 
which  the  work  reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  in-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  the  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author  List  city,  state,  and  ZIP  Code. 


Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  “Research  and  Technology  Work  Unit  Summary"  or  the  DD  Form  1634. 
"Research  and  Development  Planning  Summary,"  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address.  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ sponsoring  agency.  For  definition  see  DoD  Directive  5200.20,  “Distribution  Statements  on 
Technical  Documents .") 


Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 


Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 


Block  14.  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  directly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 

Blocks  15  &  15a.  Security  Classification  of  the  Report:  Declassification/Downgrading  Schedule  of  the  Report.  Enter  in  15 
the  highest  classification  of  the  report.  If  appropriate,  enter  in  15a  the  declassification/downgrading  schedule  of  the  report,  using  the 
abbreviations  for  declassification/ downgrading  schedules  listed  in  paragraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20,  "Distribution  Statements  on  Technical  Documents." 

Block  17  Distribution  Statement  (of  the  abstract  entered  in  Block  20,  if  different  from  the  distribution  statement  of  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  "Distribution  Statements  on  Technical  Doc- 
uments." 

Block  18.  Supplementary  Notes.  Enter  information  not  included  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
.  .  .  Translation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  .  . 


Block  19.  Key  Words.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report^and  are 
aufficiently  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  Thesaurus 
of  Engineering  and  Scientific  Terms"  (TEST),  AD-672  000,  can  be  helpful. 


Block  20.  Abstract.  The  abstract  should  be  a  brief  (not  to  exceed  200  words)  factual  summary  of  the  moat  significant  informa- 
II  ontained  in  the  report.  If  possible,  the  abstract  of  a  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 
rewt  should  consist  of  publicly-  releasable  information.  If  the  report  contains  a  significant  bibliography  or  literature  aurvey^mention 
Ithere.  For  information  on  preparing  abstracts  see  "Abstracting  Scientific  and  Technical  Reports  of  Defen  se-Sponsor»d  RDTtkE, 
AD-667  000 


t»t:.-.5.  IQBO-RBb-  I  41  l.’SW 


LAKEVIEW  PARK  DAM 
ST.  FRANCOIS  COUNTY,  MISSOURI 
MISSOURI  INVENTORY  NO.  MO  30288 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


PREPARED  BY 

HOSKINS-WESTERN-SONDEREGGER,  INC. 
CONSULTING  ENGINEERS 
LINCOLN,  NEBRASKA 


Accession  For 

NTIS  GRA&I 

DTIC  TAB 

Unannounced 

□ 

Justification _ 

— 

By 

UNDER  DIRECTION  OF 

ST.  LOUIS  DISTRICT,  CORPS  OF  ENGINEERS 
FOR 

GOVERNOR  OF  MISSOURI 


Distribution/ 
Availability  Codes 
Avail  and/or 
Dist  |  Special 


OCTOBER,  1980 


» 


? 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


TABLE  OF  CONTENTS 

PARAGRAPH  NO.  TITLE  PAGE  NO. 


Assessment  Summary 
Overview  Photograph 
SECTION  1  -  PROJECT  INFORMATION 


1.1 

General 

1 

1.2 

Description  of  Project 

1 

1.3 

Pertinent  Data 

SECTION  2  -  ENGINEERING  DATA 

4 

2.1 

Design 

9 

2.2 

Construction 

9 

2.3 

Operation 

9 

2.4 

Evaluation 

SECTION  3  -  VISUAL  INSPECTION 

9 

3.1 

Findings 

10 

3.2 

Evaluation 

SECTION  4  -  OPERATIONAL  PROCEDURES 

13 

4.1 

Procedures 

15 

4.2 

Maintenance  of  Dam 

15 

4.3 

Maintenance  of  Operating  Facilities 

15 

4.4 

Description  of  Any  Warning  System  in  Effect 

15 

4.5 

Evaluation 

SECTION  5  -  HYDRAULIC/HYDROLOGIC 

15 

5.1 

Evaluation  of  Features 

SECTION  6  -  STRUCTURAL  STABILITY 

16 

6.1 

Evaluation  of  Structural  Stability 

SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 

•  18 

7.1 

Dam  Assessment 

19 

7.2 

Remedial  Measures 

20 

* 


APPENDIX  A^  MAPS 


Plate  A-l 

Vicinity  Topography 

Plate  A-2 

Location  Map 

Plate  A-3 

Seismic  Zone  Map 

APPENDIX  B 

-  PHOTOGRAPHS 

Plate  B-l 

Photo  Index 

Plate  B-2 

Photo  No.  2 

Overview  from  Left  Upstream  Bank 

Photo  No.  3 

Crest  of  Dam  from  Left  End 

Plate  B-3 

Photo  No.  4 

Upstream  Face  from  Left  End 

Photo  No.  5 

Looking  Downstream  into  Entrance  of 
Principal  Spillway  Channel 

Plate  B-4 

Photo  No.  6 

Looking  Downstream  in  Spillway  Channel 
from  Footbridge 

Photo  No.  7 

Culvert  Entrance  of  Principal  Spillway 

Plate  B-5 

Photo  No.  8 

Downstream  Slope  from  Left  End 

Photo  No.  9 

Seep  Area  on  Slope  Downstream  from 

Station  5+65 

Plate  B-6 

Photo  No.  10 

Closeup  of  Riprap  on  Upstream  Slope 

Photo  No.  11 

View  Showing  Widening  of  the  Crest 

Starting  at  About  Station  5+00 

Plate  B-7 

Photo  No.  12 

Downstream  Slope  of  the  Widened  Section 
of  the  Dam 

Photo  No.  13 

Outlet  of  10-Inch  Drawdown  Pipe 

Plate  B-8 

Photo  No.  14 

View  of  Gate  Valve  for  10-Inch  Drawdown 
Pipe 

Photo  No.  15 

View  of  Gate  Valve  for  10-Inch  Drawdown 
Pipe 

Plate  B-9 

Photo  No.  16 

Downstream  Slope  on  the  Right  Side  of 
the  Widened  Area  of  the  Crest 

Photo  No.  17 

Downstream  Slope  Taken  from  the  Right  End 

Plate  B-10 

Photo  No.  18 

Crest  of  Dam  Taken  from  the  Right  End 

Photo  No.  19 

Looking  Down  the  Valley  from  the  Right 
Abutment 

Plate  B-ll 

Photo  No.  20 

Looking  Downslope  Below  About  Station 

6+50.  Concrete  Valve  House  for  Drawdown 
Pipe  Can  Be  Seen  in  Background. 

Photo  No.  21 

Looking  Downslope  from  Near  Pump  House 

Plate  B-12 

Photo  No.  22 

Looking  Upstream  Over  Lake  from  About 
Station  4+50 

Photo  No.  23 

Truck  Terminal  in  Hazard  Area  About  1000 
Feet  Below  Dam 

Plate  B-13 

Photo  No.  24 

House  and  Truck  Terminal  in  Hazard  Area 
About  1000  Feet  Below  Dam 

1 

Photo  No.  25 

Houses  in  Hazard  Area  About  2000  Feet 

Below  Dam 

Plate  B-14 

Photo  No.  26 

Houses  in  Hazard  Area  About  2000  Feet 

Below  Dam 


I 


APPENDIX  C  -  PROJECT  PLATES 


Plate  C-l 
Plate  C-2 


Phase  I  -  Plan  and  Centerline  Profile 
of  Dam 

Phase  I  -  Cross  Section  of  Dam  at  Sta.  4+00 
Cross  Section  of  Dam  at  Sta.  6+32 
Cross  Section  of  Dam  at  Sta.  8+75 


APPENDIX  D  -  HYDRAULIC  AND  HYDROLOGIC  DATA 

: 


r 


r 


? 


i 

if 

i 


Plates  D-l  and  D-2 
Plate  D-3 

Plate  D-4 

Plate  D-5 
Plate  D-6 

Plates  D-7  through  0-26 


Hydrologic  Computations 
Principal  Spillway  Rating 
Curve 

Emergency  Spillway  Rating 
Curve 

Elevation-Area  Curve 
Ratio-Discharge  Curves 
Computer  Input  and  Output  for 
Ratios  of  PMF 


> 


k. 


in  ~  ■irnrtliMti 


PHASE  I  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
ASSESSMENT  SUMMARY 


Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Lakeview  Park  Dam 
Missouri 

St.  Francois  County 
Turkey  Creek 
October  29,  1980 


Lakeview  Park  Dam  was  inspected  by  an  interdisciplinary  team  of 
engineers  from  Hoskins-Western-Sonderegger,  Inc.  The  purpose  of  the 
inspection  was  to  make  an  assessment  of  the  general  conditions  of  the 
dam  with  respect  to  safety,  based  upon  available  data  and  visual 
inspection,  in  order  to  determine  if  the  dam  poses  hazards  to  human  life 
or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with  the  help 
of  several  Federal  and  State  agencies,  professional  engineering  organi¬ 
zations,  and  private  engineers. 

Lakeview  Park  Dam  has  a  height  of  twenty-seven  (27)  feet  and  a 
storage  capacity  at  the  minimum  top  elevation  of  the  dam  of  one  hundred 
forty  (140)  acre-feet.  In  accordance  with  the  guidelines,  a  small  size 
dam  has  a  height  greater  than  or  equal  to  twenty-five  (25)  feet  but  less 
than  forty  (40)  feet  and  a  storage  capacity  greater  than  or  equal  to 
fifty  (50)  acre-feet  but  less  than  one  thousand  (1,000)  acre-feet.  The 
size  classification  is  determined  by  either  the  storage  capacity  or  height, 
whichever  gives  the  larger  size  category.  Lakeview  Park  Dam  is  classified 
as  a  small  size  dam. 

In  accordance  with  the  guidelines  and  based  on  visual  observation, 
the  dam  is  classified  as  having  a  high  hazard  potential.  Failure  would 
threaten  life  and  property.  The  estimated  damage  zone  extends  approximately 
four  (4)  miles  downstream  of  the  dam.  Within  the  damage  zone  are  a  natural 
gas  pipeline  and  pressure  regulating  station,  14  or  more  dwellings,  numerous 
industrial  buildings,  a  railroad,  2  city  streets  and  Highway  K. 

Our  inspection  and  evaluation  indicates  that  the  spillways  meet  the 
criteria  set  forth  in  the  recommended  guidelines  for  a  small  dam  having  a 
high  hazard  potential.  Considering  the  small  volume  of  water  impounded  and 
the  broad  downstream  floodplain,  one-half  of  the  Probable  Maximum  Flood  is 
the  appropriate  spillway  design  flood.  The  spillways  will  pass  the  100- 
year  flood  (1%  probability  flood  -  a  flood  having  a  one  percent  chance  of 
being  exceeded  in  any  one  year)  without  overtopping  the  dam.  The  spillways 
will  pass  55%  of  the  Probable  Maximum  Flood  without  overtopping  the  dam. 

The  Probable  Maximum  Flood  (PMF)  is  defined  as  the  flood  that  may  be  expected 
from  the  most  severe  combination  of  critical  meteorologic  and  hydrologic 
conditions  that  are  reasonably  possible  in  the  region. 
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Lakeview  Park  Dam  is  in  good  condition.  Deficiencies  noted  include 
the  growth  of  small  trees  and  brush  on  the  downstream  slope,  erosion  of  the 
downstream  slope,  the  lack  of  good  vegetative  cover  on  the  downstream  slope 
and  the  need  to  clean  and  reshape  the  approach  channel  to  the  spillways. 

Design  data  were  not  available  for  this  100-year  old  dam.  Based  on 
visual  observation,  an  interview  with  Mr.  Gayle  Blackwell,  City  Manager  of 
Bonne  Terre  and  on  analysis  made  during  and  subsequent  to  the  inspection, 
the  following  recommendations  are  made: 

a.  Alternatives. 

(1)  The  spillways  will  pass  55%  of  the  probable  maximum  flood. 

No  alternative  is  required  for  enlargement  of  the  spillways. 

(2)  In  view  of  the  number  of  dwellings  and  industrial  buildings 
in  the  downstream  damage  zone,  it  is  recommended  that  the 
owner  develop  a  reliable  flood  warning  and  evacuation  plan. 

b.  Operation  and  Maintenance  Procedures. 

(1)  Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  recommended  guidelines  were  not  available.  However, 
in  light  of  the  performance  history  and  abnormally  large 
cross  section  of  this  dam,  such  analyses  are  not  considered 
essential  to  this  evaluation  of  safety. 

(2)  Cleaning  and  reshaping  the  approach  channel  of  the  spillways 
would  improve  the  hydraulic  efficiency  of  the  structure. 

(3)  Clearing  trees  and  brush,  reshaping  and  revegetating  the 
downstream  slope  would  improve  the  erosional  resistance  of 
the  slope  and  facilitate  more  meaningful  inspections  with 
respect  to  seeps  and  deformations. 

(4)  If  fill  dirt  is  being  borrowed  from  the  embankment,  the 
practice  should  be  halted. 

(5)  A  program  of  regular  inspections  should  be  initiated  and  the 
reports  made  a  portion  of  this  project  file. 
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Gordon  Jamison 


~  Garold  Ulmer 
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Harold  P.  Hoskins,  Chairman  of  the  Board 
Hoskins-Westem-Sonderegger,  Inc. 

E-8696 


1.1  GENERAL 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
LAKEVIEW  PARK  DAM  -  MO  30288 
ST.  FRANCOIS  COUNTY,  MISSOURI 


SECTION  1  -  PROJECT  INFORMATION 


a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St. 

Louis  District,  Corps  of  Engineers,  District  Engineer  directed 
that  a  safety  inspection  of  Lakeview  Park  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with 
respect  to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were  fur¬ 
nished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams,"  Appendix  D  to  "Report  of  the  Chief  of  Engineers  on  the 
National  Program  of  Inspection  of  Dams,"  dated  May,  1975,  and 
published  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers. 

DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  Embankment.  J This  dam  is  composed  of  massive  quantities  of 
mill  tailings  from  zinc-lead  mining  operations.  The  length 
from  the  left  abutment  (north)  to  the  right  end  (south)  is 
approximately  880  feet.  (Station  0+50±  to  Station  9+30±  as 
shown  on  Plate  C-l,  Appendix  C.)  The  left  350  feet  of  the 
dam  (Station  0+50±  to  Station  4+00)  has  been  classified  for 
purposes  of  this  report  as  an  emergency  spillway.  The 
profile  elevation  of  865.1  at  Station  4+00  is  used  in  this 
report  as  the  minimum  top  of  dam  elevation.  The  height  of 
the  dam  based  on  this  elevation  is  27  feet  ±  and  the  maximum 
storage  is  140  acre-feet  ±. 

(2)  Principal  Spillway.  The  principal  spillway  is  uncontrolled 
and  consists  of  approximately  250  feet  of  vegetated  earth 
approach  channel  constructed  through  the  left  (north)  abutment 


leading  to  a  15-inch  diameter  corrugated  metal  pipe  culvert 
which  crosses  under  the  paved  road  that  traverses  the  length 
of  the  dam.  The  low  point  on  the  emergency  spillway  is 
located  almost  directly  above  the  culvert.  The  upstream  end 
of  the  culvert  is  protected  by  a  mortared  stone  headwall . 

(3)  Emergency  Spillway.  The  emergency  spillway  is  uncontrolled 
and  consists  of  the  paved  road  that  traverses  the  dam. between 
Stations  Q+50±  and  4+00±.  The  low  point  in  the  profile  of 
the  emergency  spillway  is  at  the  approximate  location  of  the 
15-inch  pipe  that  serves  as  the  principal  spillway.  The 
length  of  approach  to  the  paved  road,  from  normal  pool  ele¬ 
vation  of  the  lake,  varies  from  40  feet  ±  at  Station  4+00 

to  a  maximum  of  250  feet  ±  at  Station  1+00.  The  paved  surface 
of  the  road  is  approximately  22  feet  in  width  and  serves  as 
the  control  section  for  the  spillway.  Flows  through  the 
spillway,  after  crossing  the  paved  road,  will  be  on  a  broad 
road  shoulder  which  breaks  to  a  IV  on  3.4H  maximum  slope  at 
Station  4+00+  to  intersect  the  original  ground  line.  Flows 
crossing  the  spillway  will  flow  away  from  the  toe  of  the  dam 
and  should  not  endanger  the  dam  at  the  point  of  maximum  section. 

(4)  Low-Level  Outlet.  The  low-level  outlet  is  a  10-inch  cast  iron 
pipe  that  runs  from  the  reservoir  through  the  dam  to  a  manually 
operated  gate  valve  that  is  housed  in  a  concrete  block  valve 
pit. located  approximately  260  feet  downstream  from  the  center- 
line  of  the  paved  road  that  traverses  the  dam.  The  10-inch 
pipe  surfaces  approximately  20  feet  downstream  from  the  valve 
pit.  Photos  14  and  15  show  the  valve  and  valve  pit.  Photo 

No.  13  shows  the  outlet  end  of  the  drawdown  pipe. 

(5)  Pertinent  physical  data  are  given  in  paragraph  1.3. 

b.  Location.  The  dam  is  located  in  the  northwest  part  of  St.  Francois 
County  as  shown  on  Plate  A-2.  The  dam  and  lake  are  near  the  south 
corporate  limits  of  the  City  of  Bonne  Terre  and  are  in  the  extreme 
southwest  comer  of  Survey  #467  as  shown  on  Plates  A-l  and  A-2. 

c.  Size  Classification.  Criteria  for  determining  the  size  classifi- 
cation  of  dams  and  impoundments  are  presented  in  the  guidelines 
referenced  in  paragraph  1.1c  above.  Lakeview  Park  Dam  has  a  height 
of  27  feet  and  a  storage  capacity  of  140  acre-feet.  This  dam  is 
classified  as  a  small  size  dam.  A  small  size  dam  has  a  height 
greater  than  or  equal  to  25  feet  but  less  than  40  feet  and  a  storage 
capacity  greater  than  or  equal  to  50  acre-feet  but  less  than  1,000 
acre-feet.  The  size  classification  is  determined  by  either  the 
storage  or  height,  whichever  gives  the  larger  size  category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard  classi¬ 
fication  of  dams  and  impoundments  are  presented  in  the  guidelines 
as  referenced  in  paragraph  1.1c  above. 
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Aerial  photographs  of  the  downstream  damage  zone  of  this  dam  were 
taken  in  October,  1980.  These  photographs  were  used  as  reference 
in  the  field  observations  of  the  damage  zone  which  were  made  during 
the  inspection.  Based  on  the  field  observations  and  on  the  referenced 
guidelines,  this  dam  is  in  the  High  Hazard  Potential  Classification. 
The  estimated  damage  zone  extends  approximately  4  miles  downstream 
of  the  dam.  'Within  the  damage  zone  are  a  natural  gas  pipeline  and 
pressure  regulating  station,  14  or  more  dwellings,  numerous  industrial 
buildings,  a  railroad,  2  city  streets  and  Highway  K. 

e.  Ownership.  The  dam  is  owned  by  the  City  of  Bonne  Terre,  Missouri 
63628  -  Attention:  Mr.  Gayle  Blackwell,  City  Manager. 

f.  Purpose  of  Dam.  This  dam  impounds  water  that  is  used  for  recreation 
purposes. 

g.  Design  and  Construction  History.  Design  data  were  not  available  for 
this  dam  nor  is  much  known  about  the  construction  history.  Mr.  Gayle 
Blackwell,  City  Manaqer  of  Bonne  Terre,  was  very  helpful  in  furnishing 
the  following  information: 

(1)  The  dam  was  constructed  approximately  100  years  ago. 

(2)  The  purpose  of  the  dam,  at  the  time  of  construction,  was  to 
impound  water  which  was  pumped  from  mines.  The  water  was  used 
for  water  supply  by  the  City  of  Bonne  Terre  and  by  a  lead-zinc 
mill . 

(3)  Delivery  of  water  to  the  two  users  was  through  two  10-inch  cast 
iron  pipelines  which  were  valve  controlled.  One  of  these  lines 
has  been  permanently  plugged,  and  the  other  is  now  used  as  a 
low-level  outlet.  Depth  of  the  low-level  outlet  below  normal 
pool  elevation  is  approximately  20  feet. 

(4)  Materials  of  construction  were  mill  tailings. 

(5)  The  lake  was  drained  to  the  level  of  the  low-level  outlet  in 
1976  in  order  to  remove  silt  that  had  settled  in  the  lake. 

(6)  The  material  removed  from  the  lake  bottom  was  used  in  two 
locations.  Three  to  four  feet  of  material  was  placed  on  the 
south  side  of  the  dam  to  bring  a  low  area  up  to  road  or  crest 
of  dam  grade.  (This  area  is  the  area  shown  on  Plate  C-l 
between  Stations  1+00  and  4+00  and  is  bounded  by  the  shoreline 
of  the  lake  and  the  spillway  channel.)  The  second  location 
where  material  was  placed  was  on  the  north  side  of  the  dam 
(Station  l+00±  to  Station  5+50±).  Placement  in  this  location 
resulted  in  widening  the  crest  as  well  as  the  base  of  the  dam. 

(7)  The  depth  of  water  remaining  in  the  deepest  part  of  the  lake 
after  drawdown  for  silt  removal  was  approximately  30  feet.  The 
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maximum  depth  of  water  in  the  lake  based  on  normal  pool  ele¬ 
vation  is  approximately  50  feet  as  determined  by  soundings 
made  by  City  personnel.  (Based  on  these  comments  and  a  study 
of  the  topography  of  the  area,  it  would  seem  probable  that 
at  least  portions  of  the  lake  occupy  an  area  where  open  pit 
mining  was  done  and  that  the  dam  was  constructed  downstream 
from  the  open  pit.  The  maximum  depth  as  reported  is  con¬ 
siderably  greater  than  can  be  accounted  for  by  contour  analysis. 
An  unknown  volume  of  water  lying  below  the  level  of  the  ori¬ 
ginal  channel  would  not  be  released  in  case  of  total  failure 
of  the  dam. ) 

h.  Normal  Operating  Procedure.  Mr.  Blackwell  stated  in  the  interview 
thata  standing  order  has  been  issued  to  City  personnel  to  open  the 
valve  on  the  10-inch  low-level  outlet  line  when  the  principal  spillway 
nears  capacity  flow.  He  also  stated  that  a  submersible  pump  had  been 
installed  in  a  flooded  mine  lying  to  the  west  of  the  reservoir.  This 
pump  is  operated  from  May  until  October  on  a  round-the-clock  basis 
in  order  to  maintain  the  level  and  quality  of  the  water  in  the  lake. 
The  rate  of  pumping  was  quoted  as  108,000  gallons  per  day.  In 
addition,  the  pool  level  is  controlled  by  rainfall,  infiltration, 
evaporation  and  the  capacity  of  the  uncontrolled  spillways. 

1.3  PERTINENT  DATA 


a.  Drainage  Area.  85.5  acres  (0.134  square  miles). 

b.  Discharge  at  Damsite. 

(1)  All  discharges  at  the  damsite  are  through  the  following: 

(a)  A  principal  spillway  consisting  of  approximately  250  feet 
of  vegetated  earth  approach  channel  leading  to  a  15-inch 
diameter  corrugated  metal  pipe  culvert  that  crosses  under 
the  paved  road  that  traverses  the  length  of  the  dam. 

(b)  An  emergency  spillway  consisting  of  a  crest  formed  by  the 
low  profile  of  the  paved  road  from  Station  0+50±  to 
Station  4+00±  on  the  dam  profile  (numbered  left  to  right 
looking  downstream).  The  approach  channel  to  the  emergency 
spillway  crest  is  triangular  in  shape  with  the  base  being 
the  right  bank  of  the  principal  spillway  approach  channel. 

(2)  Estimated  maximum  flood  at  damsite  --  Unknown.  Mr.  Blackwell 
stated  that  long-time  residents  claim  that  water  has  come  close 
to  flowing  across  the  road  on  a  few  occasions. 

(3)  The  principal  spillway  capacity  varies  from  0  c.f.s.  at  elevation 
860.0  feet  to  11  c.f.s.  at  the  crest  of  the  emergency  spillway 
(elevation  863.7  feet)  to  13  c.f.s.  at  the  minimum  top  of  dam 
(elevation  865.1  feet,  field  measurement). 


(4)  The  emergency  spillway  capacity  varies  from  0  c.f.s.  at  its 
crest  (elevation  863.7  feet)  to  730  c.f.s.  at  the  minimum 
top  of  dam  (elevation  865.1  feet). 

(5)  Total  spillway  capacity  at  the  minimum  top  of  dam  is  743 

c.f.s.  ±. 

c.  Elevations  (feet  above  M.S.L.). 

(1)  Observed  pool  -  860. 0± 

(2)  Normal  pool  -  860. 0± 

(3)  Spillway  crests 
Principal  -  860.0+ 

Emergency  -  863. 7± 

(4)  Maximum  experienced  pool  -  863. 0±  (estimated  on  basis  of 
claims  made  by  long-time  residents). 

(5)  Top  of  dam  (minimum)  -  865.1 

(6)  Stream  bed  at  centerline  of  dam  -  838±  (based  on  Mr.  Blackwell's 
statement  in  regard  to  depth  of  drawdown  pipe). 

(7)  Maximum  tailwater  -  Unknown 

d.  Reservoir.  Length  (feet)  of  pool. 

(1)  At  principal  spillway  crest  -  1100± 

(2)  At  emergency  spillway  crest  -  1200± 

(3)  At  top  of  dam  (minimum)  -  1300± 

e.  Storage  (acre-feet). 

(1)  Observed  pool  -  82± 

(2)  Normal  pool  -  82± 

(3)  Spillway  crests 
Principal  -  82± 

Emergency  -  120± 

(4)  Maximum  experienced  pool  -  115± 

(5)  Top  of  dam  (minimum)  -  140± 
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f.  Reservoir  Surface  (acres). 

(1)  Observed  pool  -  9.2± 

(2)  Normal  pool  -  9.2± 

(3)  Spillway  crests 
Principal  -  9.2± 

Emergency  -  11. 8± 

(4)  Maximum  experienced  pool  -  11. 3± 

(5)  Top  of  dam  (minimum)  -  13. 0± 

g.  Dam. 

(1)  Type  -  Earth  fill 

(2)  Length  -  880  feet 

(3)  Height  -  27  feet  ± 

(4)  Top  width  -  Variable  (50'  minimum  to  180'  maximum) 

(5)  Side  slopes 

(a)  Downstream  -  Variable  -  IV  on  2.5  to  3H 

(b)  Upstream  -  Variable  -  IV  on  2.5  to  3H 

(6)  Zoning  -  Unknown 

(7)  Impervious  core  -  Unknown 

(8)  Cutoff  -  Unknown 

(9)  Grout  curtain  -  Unknown 

(10)  Wave  protection  -  Limestone  riprap 

(11)  Drains  -  Unknown 

h.  Diversion  Channel  and  Regulating  Tunnel.  None . 

1 .  Spillways. 

(1)  Principal 

(a)  Type  -  The  principal  spillway  is  an  uncontrolled  15-inch 
corrugated  metal  pipe  culvert  which  crosses  under  the 
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road  crossing  the  darn.  A  vegetated  earth  channel  approxi¬ 
mately  250  feet  in  length  leads  from  the  lake  to  the 
culvert. 

(b)  Crest  (invert)  elevation  -  Channel  -  860.0 

-  15”  CMP  -  858.8 

Outlet  -  15"  CMP  -  856.2 

(c)  Length  -  Channel  -  250  feet  ± 

-  15"  CMP  -  68  feet  ± 

(2)  Emergency 

(a)  Type  -  The  emergency  spillway  is  a  portion  of  the  dam 
extending  from  Station  0+50±  on  the  left  (north)  to 
Station  4+00±  (south).  The  original  crest  width  of  the 
dam  in  this  area  is  not  known;  however,  material  removed 
from  the  lake  during  desilting  operations  in  1976  were 
deposited  on  the  upstream  side  of  the  dam  to  raise  the 
area  to  the  elevation  of  the  road  crossing  the  dam.  The 
area  was  graded  to  drain  from  the  road  to  the  lake.  The 
effect  of  this  work  was  to  widen  the  crest  of  the  dam. 
Significant  amounts  of  material  removed  from  the  lake 
were  also  deposited  on  the  downstream  side  of  the  asphalt 
surfaced  road  which  further  increased  the  crest  and  base 
width  of  the  dam. 

(b)  Control  Section  -  The  control  section  is  a  22-foot  width 
asphalt  surfaced  road  extending  from  Station  0+50±  to 
Station  4+00±. 

» 

(c)  Crest  Elevation  -  863. 7± 

(d)  Upstream  Channel  -  The  vegetated  earth  channel  that  serves 
the  principal  spillway  also  serves  the  emergency  spillway. 
Discharges  exceeding  the  capacity  of  this  channel  will 
flow  across  the  wide  crest  of  the  dam  to  the  asphalt 
surfaced  road  which  acts  as  the  control  section.  The 
earth  channel  slopes  upward  from  the  lake  for  the  first 
100  feet  i  to  a  high  point,  then  breaks  downward  to  flow 
to  the  principal  spillway  pipe.  There  are  a  few  trees 

on  either  side  of  the  channel  which  will  not  be  detri¬ 
mental  to  spillway  discharges.  The  overland  approach  to 
the  control  section  is  across  well  vegetated  earth  and 
a  widened  road  section  which  is  well  graveled.  The  over¬ 
land  approach  is  the  area  that  was  filled  in  1976.  Other 
than  a  few  trees  along  the  shore  of  the  lake,  there  are 
no  obstructions  that  would  affect  flows. 

(e)  Downstream  Channel  -  The  original  downstream  channel  from 
the  dam  is  covered  with  an  overburden  of  mill  tailings 
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as  shown  in  Photo  No.  1  -  Overview.  The  depth  of  the 
overburden  at  the  downstream  toe  of  the  dam  is  not  known. 
The  downstream  channel  from  the  principal  and  emergency 
spillways  is  through  the  wooded  area  shown  in  the  lower 
right  quadrant  of  Photo  No.  1.  The  channel  begins  at 
the  road  at  the  right  center  of  the  photo  and  follows 
a  curved  course  through  the  wooded  area  exiting  from  the 
photo  at  the  lower  right  comer.  The  channel  is  over¬ 
grown  with  trees  and  brush,  but  did  not  show  signs  of 
significant  erosion. 

j.  Regulating  Outlets.  There  is  a  10-inch  draw-down  pipe  through  the 
base  of  tne  dam.  The  inlet  is  about  20  feet  below  the  normal  pool 
elevation. 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Design  data  were  not  available  for  this  dam. 

2.2  CONSTRUCTION 

No  construction  data  were  available  for  this  dam.  Mr.  Blackwell, 

City  Manager,  reported  that  the  dam  had  been  constructed  approxi¬ 
mately  100  years  ago  to  impound  water  pumped  from  a  mine.  He  also 
reported  that  material  taken  from  the  lake  bottom  in  1976  during 
desilting  operations  was  deposited  upstream  and  downstream  from  the 
road  crossing  the  dam  in  the  area  now  classified  as  the  emergency 
spillway. 

2.3  OPERATION 

The  spillways  are  uncontrolled.  Mr.  Blackwell  stated  that  the  lake 
elevation  is  kept  rather  constant  during  the  summer  months  by  pumping 
water  from  an  adjacent  mine  tunnel.  He  also  stated  that  the  10-inch 
draw-down  pipe  is  put  into  operation  whenever  the  principal  spillway 
approaches  capacity  flow. 

2.4  EVALUATION 

a.  Availability.  No  data  were  available. 

b.  Adequacy.  The  field  surveys,  visual  observations  and  the  verbal 
report  of  Mr.  Blackwell  presented  herein  are  considered  adequate 
to  support  the  conclusions  of  this  report.  Seepage  and  stability 
analyses  comparable  to  the  requirements  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams" -were  not  available, 
which  is  considered  a  deficiency.  However,  due  to  the  long  history 
of  this  dam  (100  years  ±),  its  lack  of  signs  of  stress  indicating 
instability,  its  abnormally  large  cross  section,  its  resistance 

to  earthquake  damage  (6  modified  Mercalli  intensity  IV  earthquakes 
since  construction)  and  its  lack  of  any  seepage  emerging  to  the 
surface  would  indicate  that  the  dam  is  structurally  stable  and 
that  the  requirement  for  seepage  and  stability  analyses  should 
be  waived. 

c.  Validity.  Not  applicable. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Lakeyiew  Park  Dam  was  made 
on  October  29,  1980.  Engineers  from  Hoskins-Western-Sonderegger, 
Inc.,  Lincoln,  Nebraska,  making  the  inspection  were: 

Rey  S.  Decker  -  Geotechnical 

Garold  G.  Ulmer  -  Hydraulics  and  Hydrology 

Gordon  Jamison  -  Hydraulics  and  Hydrology 

The  owner  was  represented  during  the  inspection  by  Mr.  Gayle 
Blackwell,  City  Manager,  who  was  also  interviewed  prior  to  the 
inspection. 

b.  Dam. 

(1)  Geology  and  Soils  (abutment  and  embankment).  The  embankment 
is  situated  in  the  hilly  northern  region  of  the  St.  Francois 
mountains  on  the  eastern  border  of  the  Ozark  Physiographic 
Province.  The  predominate  soil  association  is  the  Hagerstown- 
Tilsit  silty  clay-silty  clay  loam.  The  predominate  structural 
features  are  the  Schultz  fault,  2  miles  to  the  southwest;  and 
the  Carbanne  fault,  1.5  miles  to  the  northwest. 

The  embankment  is  composed  of  a  mixture  of  clayey  silt  (MH), 
silty  clay  (CH)  and  sand-gravel  mill  tailings  (SP-GP ) .  The 
embankment  apparently  lies  atop  an  old  mill  tailings  pile 
composed  of  crushed  limestone  (SP-SM)  material.  The  valley 
soils  are  composed  of  silts  and  clayey  silts  (ML-MH)  with  a 
sand  and  gravel  fraction.  The  tailings  pile  and  alluvial 
soils  fill  in  a  deep  valley  cut  into  the  bedrock.  The  Bonne 
Terre  formation,  Cambrian  Age,  lies  at  an  undetermined  depth. 
Drainage  under  the  embankment  is  controlled  by  the  underlying 
alluvium  and  mill  tailings. 

The  embankment  occurs  in  Seismic  Zone  2  which  is  indicative 
of  moderate  probability  of  seismic  activity.  Earthquakes, 
within  a  50-mile  radius,  having  modified  Mercalli  intensities 
equal  to  or  greater  than  IV,  occurred  in  1907,  1929,  1946, 

1967,  1973  and  1976. 

Solution  cavitation  with  consequent  catastrophic  collapse  is 
unlikely  at  this  impoundment. 

(2)  Upstream  Slope.  The  upstream  slope  is  well  protected  by  lime¬ 
stone  and  chert  riprap  varying  in  size  from  about  3  to  18 
Inches.  There  was  no  indication  of  significant  erosion  along 
the  water  line.  There  were  no  indications  of  crack,  slumps 

or  rodent  activity.  There  are  a  number  of  6  to  8-inch  diameter 
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trees  growing  on  the  upstream  slope.  The  slope  of  the 
upstream  face  is  variable,  which  is  probably  due  to  the 
age  of  the  dam  and  the  rehabilitation  it  has  undergone 
through  the  years.  Photos  4  and  10  show  the  upstream  face. 

(3)  Crest.  The  profile  of  the  crest  is  uniform  in  grade, 
reflecting  the  use  of  the  dam  as  a  paved  road.  The  high 
point  in  the  profile  is  on  the  right  (south)  side  and  is 
dictated  by  the  elevation  of  the  railroad  crossinq  on  the 
east.  The  low  point  is  on  the  left  (north)  side  at  the 
principal  spillway  location.  Plate  C-l  shows  the  plan  and 
profile  of  the  dam.  The  asphaltic  concrete  road  traversing 
the  length  of  the  dam  is  22  feet  ±  in  width  and  is  in  good 
condition  with  no  visible  signs  of  distress.  The  crest 
width  is  unusually  wide  and  varies  from  50  to  180  feet  ±. 

In  addition  to  the  paved  road,  an  overhead  power  line  and 

a  natural  gas  pipeline  also  traverse  the  length  of  the  dam. 

A  gas  pressure  regulating  station  is  located  at  the  widest 
point  of  the  crest  (Station  7+Q0±).  There  was  no  evidence 
of  cracking  or  unequal  settlement  in  the  crest  nor  was 
there  any  rodent  activity.  The  materials  on  either  side  of 
the  paved  road  consist  of  ML  and  MH-CH  with  chert  and  lime¬ 
stone  gravel.  Views  of  the  crest  are  shown  in  Photos  3,  4, 

11  and  18. 

(4)  Downstream  Slope.  The  roughly  triangular  shaped  fill  extending 
from  Station  5+50+  to  Station  9+30+  as  shown  on  Plate  C-l, 

Plate  B-l  and  Photo  No.  1  -  Overview  is  located  in  the  deeper 
portion  of  the  original  valley.  The  slopes  of  the  downstream 
section  through  this  length  of  the  dam  are  variable.  The 
maximum  measured  was  1V:1.4H  at  Station  8+75  as  compared  to 
1V:2.4H  at  Station  6+32.  The  surface  of  the  downstream 

slope  in  this  area  is  very  irregular,  and  it  is  not  known 
whether  the  material  was  placed  as  part  of  the  embankment 
or  makes  up  a  part  of  an  old  tailings  dump.  It  would  appear, 
however,  that  the  irregularities  were  due  to  methods  of  con¬ 
struction.  There  were  no  signs  indicating  slumping  or  sliding 
of  the  slope.  It  is  not  known  whether  the  configuration  of 
the  slope  shown  in  Photo  No.  12  is  due  to  original  construction 
or  to  subsequent  borrowing  of  fill  material  from  the  slope. 

Considerable  erosion  was  evident  in  portions  of  the  downstream 
slope  in  this  area  of  the  dam.  Mr.  Blackwell  stated  that  City 
personnel  monitor  the  downstream  slope  for  erosion  and  occasionally 
will  send  in  heavy  equipment  to  dress  the  slopes.  Vegetative 
growth  on  the  downstream  slope  in  this  area  consists  of  weeds, 
a  sparse  growth  of  crown  vetch,  brush  and  small  saplings. 

The  only  evidence  of  possible  seepage  was  a  growth  of  phreato- 
phytes  which  were  observed  downstream  from  Station  5+65±  as 
shown  in  Photo  No.  9.  No  free  water  was  observed. 
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Materials  in  the  downstream  slope  were  field  classified  as 
SM-SP  mill  tailings  mixed  with  ML-MH  soils  and  cherty 
limestone  gravel  and  cobbles  probably  from  mine  waste. 

Materials  at  the  base  of  the  slope  generally  consist  of 
SM-SP  mill  tailings  as  shown  in  Photos  16  and  17.  Photos  8, 

9,  19,  20  and  21  show  other  views  of  the  downstream  slope. 

The  length  of  dam  extending  from  Station  0+50  to  Station 
5+50±  spanned  the  upper  level  of  the  valley  in  which  the  dam 
was  built.  The  downstream  slope  of  the  length  between 
Station  l+00±  and  Station  5+50±  was  modified  by  addition  of 
significant  quantities  of  materials  taken  from  the  lake  bottom 
during  desilting  operations  in  1976.  The  maximum  measured 
slope  was  IV  to  3.4H  for  a  distance  of  15  feet  ±  as  shown 
on  the  cross  section  taken  at  Station  4+Q0±.  The  vegetation 
on  the  downstream  slope  along  this  length  of  the  dam  consists 
of  an  undercover  of  crown  vetch  and  a  heavy  cover  of  weeds. 

The  weed  growth  is  shown  in  the  foreground  of  Photo  No.  8. 

No  evidence  of  abnormal  deformations  or  excessive  erosion 
was  noticed  in  this  area  of  the  dam.  The  heavy  weed  growth 
on  the  downstream  slope  made  visual  observations  very  diffi¬ 
cult. 

(5)  Miscellaneous.  The  effective  crest  of  the  dam  is  extremely 
wide  and  the  road  surface  appears  to  be  in  good  condition. 

The  apparent  use  of  noncohesive  silty  and  sandy  mill  tailings 
for  the  foundation  and  parts  of  the  embankment  might  ordinarily 
cause  concern  about  structural  stability  in  a  Seismic  Zone  2 
area.  However,  this  dam  has  such  an  abnormally  large  cross 
sectional  area  and  base  width-height  ratio  that  it  is  highly 
improbable  that  a  Zone  2  earthquake  would  cause  serious  damage 
to  this  dam. 

Appurtenant  Structures . 

(1)  Principal  Spillway.  The  approach  channel  to  the  highway  culvert 
is  becoming  channel ized  and  blocked  with  leaves,  tall  grass, 
and  other  debris.  The  headwall  to  the  culvert  is  made  of  stone 
and  mortar  and  appears  to  be  in  good  condition.  The  downstream 
end  of  the  15-inch  culvert  was  exposed  and  appears  to  be  in 
fair  condition.  Photos  5  and  6  show  the  approach  channel 

and  Photo  No.  7  shows  the  entrance  to  the  culvert. 

(2)  Emergency  Spillway.  The  upstream  approach  to  the  emergency 
spillway  (Station  0+50±  to  Station  4+00±)  is  across  well 
vegetated,  gently  sloping  terrain  to  a  graveled  roadside  parking 
area  that  leads  to  the  asphalt-surfaced  road  that  traverses 

the  length  of  the  dam.  The  approach  channel  to  the  principal 
spillway  is  cut  through  the  left  side  of  this  area  and  serves 
as  a  channel  to  the  emergency  spillway  as  well.  Photos  4,  5 


and  6  show  portions  of  the  approach.  Station  4+00  is  located 
approximately  midway  between  the  two  trees  in  the  center  of 
Photo  No.  4  where  the  shoreline  of  the  lake  begins  turning 
away  from  the  road.  The  graveled  section  of  the  widened  road 
is  in  very  good  condition  with  no  signs  of  distress.  The 
asphalt  surfaced  road  is  in  good  condition. 

(3)  Low-Level  Outlet.  The  low-level  outlet  appeared  to  be  open, 
and  the  valve  was  accessible.  According  to  Mr.  Blackwell, 
the  valve  is  opened  at  least  once  every  sunnier.  Photos  13, 

14  and  15  show  views  of  the  valve,  valve  pit  and  outlet  end 
of  the  pipe. 

d.  Reservoir  Area.  There  was  no  significant  erosion  along  the  shoreline 
of  the  reservoir.  Mr.  Blackwell  stated  that  the  water  level  had 
been  lowered  in  1976  and  the  sediments  which  had  accumulated  for 
almost  a  century  had  been  removed. 

e.  Downstream  Channel .  There  is  no  significant  erosion  in  the  channel 
immediately  downstream  from  the  principal  spillway.  The  channel 
for  about  1000  feet  downstream  of  the  spillway  is  overgrown  with 
trees  and  shrubs.  Spillway  discharges  do  not  encroach  upon  the 
dam. 

3.2  EVALUATION 

This  dam  appears  to  be  in  good  condition  even  though  the  downstream 
slope  looks  more  like  a  waste  pile  than  a  dam.  It  has  been  in  place 
for  about  100  years  without  any  serious  seepage  or  stability  problems. 

No  information  is  available  on  the  kind  of  materials  used  for  the 
embankment  except  that  it  appears  to  be  largely  noncohesive  silty 
and/or  sandy  (ML-SP)  mill  tailings  and  gravelly  clayey  silt  (ML-MH) 
mine  waste.  However,  the  abnormally  wide  crest  and  base  width  to 
height  ratio  would  indicate  adequate  safety  against  shear  failures 
even  with  moderate  (Zone  2)  seismic  forces.  The  potential  for  1’qui- 
faction  and  volume  change  in  the  mill  tailings  foundation  materials 
due  to  moderate  earthquake  forces  is  not  known.  However,  liquifaction 
is  not  considered  to  be  a  serious  problem  for  this  dam  since  it  appears 
that  seepage  under  the  dam  is  well  below  the  ground  surface,  and  the 
dam  has  been  subjected  to  at  least  six  earthquakes  of  modified  Mercalli 
intensity  IV  or  higher  without  apparent  distress. 

"Old  timers"  report  that  the  dam  has  never  been  overtopped.  The 
hydraulic/hydrologic  analyses  conducted  for  this  report  indicate  that 
the  deep  valley  section  of  the  dam  will  not  be  overtopped  by  50% 
of  the  probable  maximum  flood.  Discharges  through  the  emergency 
spillway  for  a  prolonged  period  of  time  could  be  expected  to  cause 
erosive  damage  to  the  slope  downstream  from  the  paved  road  due  to  the 
nature  of  the  materials  forming  the  embankment.  In  the  unlikely  event 
of  erosion  continuing  upstream  to  the  lake,  the  water  released  from 
the  reservoir  would  be  approximately  80  acre-feet  as  compared  to  140 
acre-feet  if  the  dam  were  breached  at  the  location  of  the  old  channel. 


The  breach  would  not  occur  suddenly  due  to  the  amount  of  earth  fill 
upstream  from  the  paved  road  and  the  depth  of  water  in  the  valley 
downstream  from  the  dam  would  be  much  less  than  would  be  expected 
from  a  breach  occurring  in  the  deep  valley  section  of  the  dam. 

Trees  and  brush  growing  on  the  dam  will  probably  never  endanger  the 
integrity  of  the  structure  since  it  has  such  a  wide  crest  and  cross 
section.  Grubbing  and  dressing  up  and  maintaining  the  downstream 
slope  would,  however,  make  future  inspections  and  monitoring  of 
seepage  and/or  deformations  following  seismic  activities  much  easier 
and  more  meaningful. 


-14- 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  level  is  largely  controlled  by  rainfall,  infiltration, 
evaporation,  and  the  capacity  of  the  uncontrolled  spillways.  In 
the  summer  months,  the  pool  level  is  maintained  by  pumping  into 
the  lake  from  a  flooded  mine  tunnel  adjacent  to  the  lake.  The  pool 
level  can  be  lowered  by  use  of  the  10-inch  low-level  outlet  pipe. 

4.2  MAINTENANCE  OF  DAM 

Maintenance  work  on  the  dam  is  done  by  the  City.  There  is  no 
regular  scheduled  maintenance  program.  Mr.  Blackwell  reported  that 
they  watch  the  downstream  slope  and  when  erosion  becomes  significant, 
"they  go  in  from  time  to  time  and  straighten  it  up." 

Clearing  the  trees  and  brush  and  dressing  up  the  downstream  section 
to  form  a  fairly  uniform  surface  on  the  slope  followed  by  establish¬ 
ment  of  grass  and  legume  cover  would  facilitate  future  maintenance 
and  inspections. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  valve  and  pipe  of  the  low-level  outlet  system  are  maintained  in 
operating  condition  by  the  City. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
There  is  no  warning  system  in  effect  for  this  dam. 

4.5  EVALUATION 

Considering  the  age  of  the  dam,  maintenance  of  the  structure  appears 
to  be  reasonably  good.  Clearing,  evening  the  surface  and  vegetating 
the  downstream  slope  would  reduce  the  erosion  potential  and  future 
maintenance  requirements. 


SECTION  5  -  HYDRAULIC/ HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  No  design  data  were  available  for  this  dam. 

b.  Experience  Data.  The  drainage  area,  reservoir  surface  area, 
and  elevation-storage  data  were  developed  from  the  USGS 
Bonne  Terre,  Missouri  7%  minute  topographic  quadrangle  map. 

The  hydraulic  computations  for  the  spillway  and  dam  over¬ 
topping  discharge  ratings  were  based  on  data  collected  in 
the  field  at  the  time  of  the  field  inspection.  Hydraulic/ 
hydrologic  computations  are  included  as  Appendix  D  of  this 
report. 

c.  Visual  Observations. 

(1)  The  approach  channel  to  the  culvert  under  the  highway 
should  be  cleaned,  reshaped,  and  a  gradual  negative 
slope  maintained  between  the  entrance  to  the  channel  and 
the  inlet  to  the  culvert. 

(2)  The  length  of  dam  from  Station  0+50+  to  Station  4+00±  has 
been  classified  as  an  emergency  spillway  due  to  the  con¬ 
figuration  of  the  profile  of  the  dam  and  to  the  extra¬ 
ordinary  width  of  the  crest  of  the  dam.  The  spillway  is 
uncontrolled  and  consists  of  the  22-foot  wide  asphalt 
paved  road  which  serves  as  the  control  section.  The 
approach  distance  from  normal  pool  to  the  upstream  edge 
of  the  paved  road  (measured  normal  to  the  road)  varies 
uniformly  from  40  feet  ±  at  Station  4+00  to  160  feet  + 

at  Station  2+00.  The  250-foot  length  vegetated  earth 
channel  that  leads  to  the  principal  spillway  also  leads 
to  the  low  point  of  the  emergency  spillway.  Flows 
exceeding  the  capacity  of  the  earth  channel  will  rise  on 
the  approach  area  to  the  road  until  the  road  is  overtopped. 
Plate  C-l  shows  the  plan  and  profile  of  the  dam. 

d.  Overtopping  Potential.  The  spillways  will  pass  50%  of  the 
Probable  Maximum  Flood  (PMF)  and  the  1%  probability  flood 
without  overtopping  the  dam.  The  spillway  capacity  is  55%  of 
the  PMF.  The  results  of  the  routings  through  the  dam  are 
tabulated  in  regards  to  the  following  conditions: 


Frequency 

Inflow 
Discharge 
c.f .s. 

Outflow 
Discharge 
c.f .s. 

Maximum 

Pool 

Elevation 

^Maximum 
Oepth 
Over  Dam 
Feet 

Duration 

Over 

Top 

Hours 

1% 

395 

9 

862.5 

. 

1/2  PMF 

810 

640 

865.0 

- 

- 

PMF 

1620 

1440 

865.5 

0.4 

0.5 

0.55  PMF 

890 

743 

865.1 

- 

*Minimum  top  of  dam  elevation  -  865.1  feet 

According  to  the  recommended  guidelines  from  the  Department  of 
the  Army,  Office  of  the  Chief  of  Engineers,  this  dam  is  classified 
as  having  a  high  hazard  rating  and  a  small  size.  Therefore,  the 
1/2  PMF  to  PMF  is  the  test  for  the  adequacy  of  the  dam  and  its 
spillway. 

The  estimated  damage  zone  is  described  in  paragraph  1 . 2d  in  this 
report. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observarion.  Tho  dam  is  apparently  structurally  stable. 

It  has  been  in  place  for  about  100  years,  and  has  been  subjected, 
according  to  reports,  to  maximum  loading  conditions  including 
several  Mercalli  IV  or  stronger  earthquakes.  There  is  no 
evidence  of  detrimental  seepage,  slides,  or  abnormal  deformations. 

b.  Design  and  Construction  Data.  No  design  or  construction  data 
were  available.  Seepage  and  stability  analyses  comparable  to 
the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency.  However,  due  to  the  long  history  of  this  dam  (100 
years  ±),  its  lack  of  signs  of  stress  indicating  instability,  its 
abnormally  large  cross  section,  its  resistance  to  earthquake 
damage  (6  modified  Mercalli  intensity  IV  earthquakes  since  con¬ 
struction)  and  its  lack  of  any  seepage  emerging  to  the  surface 
would  indicate  that  the  dam  is  structurally  stable  and  that  the 
requirement  for  seepage  and  stability  analyses  should  be  waived. 

c.  Operating  Records.  The  operating  facilities  for  this  dam  are  a 
10-inch  diameter  gate  valve  controlled  low-level  outlet  and  a 
submersible  pump  which  is  installed  in  a  flooded  mine  lying  to 
the  west  of  the  reservoir.  Mr.  Blackwell  stated  that  there  has 
been  a  standing  order  issued  to  City  personnel  to  open  the 
valve  on  the  low-level  outlet  line  when  the  spillway  nears 
capacity  flow.  He  also  stated  that  the  pump  was  operated  from 
May  to  October  on  a  round-the-clock  basis  to  maintain  the  level 
and  quality  of  the  water  in  the  reservoir. 

d.  Post-Construction  Changes.  The  inspection  team  is  not  aware  of 
any  post-construction  changes  on  the  dam.  Sediment  accumulations 
in  the  reservoir  were  removed  in  1976,  and  the  sediment  removed 
was  placed  on  the  upstream  and  downstream  sides  of  the  paved 
road  crossing  the  dam  in  the  length  classified  as  emergency 
spillway. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2.  An 
earthquake  of  the  magnitude  predicted  in  this  area  might  cause 
some  damage  to  this  dam,  but  it  is  not  likely  that  it  would  cause 
failure. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  Based  on  visual  observation  this  dam  appears  to  be 
structurally  stable  and  in  good  condition.  The  spillways  of 
the  dam  will  pass  55%  of  the  probable  maximum  flood  without 
overtopping  the  deep  valley  portion  of  the  dam.  The  dam  is 
characterized  by  its  wide  crest  widths  and  large  cross  sections. 
Trees  growing  on  the  upstream  slope  and  the  crest  of  the  dam 
should  not  endanger  the  integrity  of  the  dam  because  of  the 
bulk  of  material  in  the  dam.  The  trees  and  brush  growing  on 
the  downstream  slope  should  be  removed  in  order  to  facilitate 
repair  of  eroded  areas.  The  erosional  scars  should  be  repaired, 
the  slope  evened  and  a  vegetative  cover  established  that  will 
improve  the  erosional  resistance  of  the  slope.  The  approach 
channel  to  the  spillways  should  be  cleaned  of  debris  and  re¬ 
shaped  in  order  to  improve  the  hydraulic  efficiency  of  the  dam. 
Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency.  However, 
due  to  the  long  history  of  this  dam  (100  years  ±),  its  lack  of 
signs  of  stress  indicating  instability,  its  abnormally  large 
cross  section,  its  resistance  to  earthquake  damage  (6  modified 
Mercalli  intensity  IV  earthquakes  since  construction)  and  its 
lack  of  any  seepage  emerging  to  the  surface  would  indicate  that 
the  dam  is  structurally  stable  and  that  the  requirement  for 
seepage  and  stability  analyses  should  be  waived. 

b.  Adequacy  of  Information.  Due  to  the  lack  of  engineering  data, 
the  conclusions  in  this  report  are  based  on  long  performance 
history,  the  interview  with  Mr.  Blackwell,  and  visual  observa¬ 
tions.  It  is  recommended  that  the  requirement  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  in  regard  to  seepage 
and  stability  analyses  be  waived  for  the  reasons  stated  in  para¬ 
graphs  2.4. b,  6.1.b  and  7.1. a  above. 

c.  Urgency.  There  does  not  appear  to  be  an  immediate  urgency  to 
accomplish  the  remedial  measures  recommended  in  paragraph  7. 

d.  Necessity  for  Further  Investigations.  Further  investigations  are 
not  considered  necessary. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2.  An 
earthquake  of  this  magnitude  might  cause  some  damage  to  this 
dam,  but  would  not  be  expected  to  cause  failure  in  light  of  the 
long  performance  history  on  this  dam,  as  discussed  in  paragraphs 
3.2  and  6 . 1 . b. 


7.2  REMEDIAL  MEASURES 


The  following  remedial  measures  and  maintenance  procedures  are  recom¬ 
mended.  All  remedial  measures  should  be  performed  under  the  guidance 
of  a  registered  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

a.  A1 ternatives. 

(1)  The  spillways  will  pass  55%  of  the  probable  maximum  flood. 

No  alternative  is  required  for  enlargement  of  the  spillways. 

(2)  In  view  of  the  number  of  dwellings  and  industrial  buildings 
in  the  downstream  damage  zone,  it  is  recommended  that  the 
owner  develop  a  reliable  flood  warning  and  evacuation  plan. 

b.  Operation  and  Maintenance  Procedures. 

(1)  Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  recommended  guidelines  were  not  available. 
However,  in  light  of  the  performance  history  and  abnormally 
large  cross  section  of  this  dam,  such  analyses  are  not 
considered  essential  to  this  evaluation  of  safety. 

(2)  Cleaning  and  reshaping  the  approach  channel  of  the  spillways 
would  improve  the  hydraulic  efficiency  of  the  structure. 

(3)  Clearing  the  small  trees  and  brush,  reshaping  and  revegetating 
the  downstream  slope  would  improve  the  erosional  resistance 

of  the  slope  and  facilitate  more  meaningful  inspections  with 
respect  to  seeps  and  deformations. 

(4)  If  fill  dirt  is  being  borrowed  from  the  embankment,  the 
practice  should  be  halted. 

(5)  A  program  of  regular  inspections  should  be  initiated  and  the 
reports  made  a  portion  of  this  project  file. 
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APPENDIX  B 
PHOTOGRAPHS 


PHOTO  NO.  2  -  OVERVIEW  FROM  LEFT  UPSTREAM  BANK 


PHOTO  NO.  3  -  CREST  OF  DAM  FROM  LEFT  END 
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PHOTO  NO.  7  -  CULVERT  ENTRANCE  OF  PRINCIPAL  SPILLWAY 
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PHOTO  NO.  8  -  DOWNSTREAM  SLOPE  FROM  LEFT  END 


PHOTO  NO.  9  -  SEEP  AREA  ON  SLOPE  DOWNSTREAM  FROM  STATION  5+65 
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PHOTO  NO.  10  -  CLOSEUP  OF  RIPRAP  ON  UPSTREAM  SLOPE 


PHOTO  NO.  11  -  VIEW  SHOWING  WIDENING  OF  THE  CREST 
STARTING  AT  ABOUT  STATION  5+00 


1 


PHOTO  NO.  14  -  VIEW  OF  GATE  VALVE  FOR  10-INCH  DRAWDOWN  PIPE 
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PHOTO  NO.  16  -  DOWNSTREAM  SLOPE  ON  THE  RIGHT  SIDE  OF  THE  WIDENED 
AREA  OF  THE  CREST 


PHOTO  NO.  17  -  DOWNSTREAM  SLOPE  TAKEN  FROM  THE  RIGHT  END 
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PHOTO  NO.  20  -  LOOKING  DOWNSLOPE  BELOW  ABOUT  STATION  6+50.  CONCRETE  VAL7 
HOUSE  FOR  DRAWDOWN  PIPE  CAN  BE  SEEN  IN  BACKGROUND 


PHOTO  NO.  21  -  LOOKING  DOWNSLOPE  FROM  NEAR  PUMP  HOUSE 


PHOTO  NO.  22  -  LOOKING  UPSTREAM  OVER  LAKE  FROM  ABOUT 
STATION  4+50 


PHOTO  NO.  23  -  TRUCK  TERMINAL  IN  HAZARD  AREA  ABOUT 
1000  FEET  BELOW  DAM 


PHOTO  NO.  24  -  HOUSE  AND  TRUCK  TERMINAL  IN  HAZARD  AREA  ABOUT  1000 
FEET  BELOW  DAM 


PHOTO  NO.  25  -  HOUSES  IN  HAZARD  AREA  ABOUT  2000  FEET  BELOW  DAM 
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PHOTO  NO.  26  - 
BELOW  DAM 
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APPENDIX  D 

HYDRAULIC  AND  HYDROLOGIC  DATA 


HYDROLOGIC  COMPUTATIONS 


1.  The  SCS  dimensionless  unit  hydrograph  and  the  systemized  computer 
program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared  by  the 
Hydrologic  Engineering  Center,  U.S.  Corps  of  Engineers,  Davis, 
California,  were  used  to  develop  the  inflow  hydrographs  (see  this 
section). 

a.  Twenty-four  hour,  one  percent  probabilistic  rainfall  for  the  dam 
location  was  taken  from  the  data  for  the  rainfall  station  at 
Sullivan,  Missouri,  as  supplied  by  the  St.  Louis  District,  Corps 
of  Engineers  per  their  letter  dated  4  March  1980.  The  twenty-four 
hour  probable  maximum  precipitation  was  taken  from  the  curves  of 
Hydrometeorological  Report  No.  33  and  current  Corps  of  Engineers 
and  St.  Louis  policy  and  guidance  for  hydraulics  and  hydrology. 

b.  Drainage  area  =  0.134  square  miles  (85.5  acres). 

c.  Time  of  concentration  of  runoff  =  11  minutes  (computed  from  the 
"Kirpich"  formula  and  the  California  Highways  and  Public  Works 
Culverts  Practice  formula). 

d.  The  antecedent  storm  conditions  for  the  probable  maximum  precipi¬ 
tation  were  heavy  rainfall  and  low  temperatures  which  occurred 

on  the  previous  5  days  (SCS  AMC  III).  The  antecedent  storm  con¬ 
ditions  for  the  one  percent  probabilistic  precipitation  were  an 
average  of  the  conditions  which  have  preceded  the  occurrence  of 
the  maximum  annual  flood  on  numerous  watersheds  (SCS  AMC  II). 

The  initial  pool  elevation  was  assumed  at  the  control  elevation 
of  the  principal  spillway  approach  channel. 

e.  The  total  twenty-four  hour  storm  duration  losses  for  the  one 
percent  probabilistic  storm  were  2.54  inches.  The  total  losses 
for  the  PMF  storm  were  1.30  inches.  These  data  are  based  on  SCS 
runoff  curve  No.  78  and  No.  90  for  antecedent  moisture  conditions 
SCS  AMC  II  and  AMC  III,  respectively.  The  watershed  is  composed 
primarily  of  SCS  soil  groups  C  &  D  (Peridge-Cantwell -Gasconade 
soils).  Land  use  is  about  80%  wooded,  10%  grass,  and  10%  water. 

f.  Average  soil  loss  rates  =  0.05  inch  per  hour  approximately  (for 
PMF  storm,  AMC  III). 

2.  The  combined  discharge  rating  consisted  of  three  components:  the  flow 
through  the  principal  spillway,  the  flow  through  the  emergency  spill¬ 
way  and  the  flow  going  over  the  top  of  the  dam. 

a.  The  principal  spillway  rating  was  developed  by  using  a  combination 
of  channel  flow  for  extremely  low  flow  (about  7  c.f.s.)  and  culvert 
flow  as  determined  by  formulas  and  charts  from  FHA-BPR  HEC  No.  5. 
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b.  The  emergency  spillway  rating  curve  was  developed  using  the  Corps 
of  Engineers,  Water  Surface  Profile  HEC-2  computer  program.  The 
critical  depth  method  was  used  assuming  critical  depth  at  the 
downstream  crest. 

c.  The  flows  over  the  dam  were  determined  by  using  the  dam  overtopping 
analyses  (irregular  top  of  dam)  within  the  HEC-1  (Dam  Safety  Version) 
program.  Due  to  the  extremely  wide  crest,  the  dam  overtopping  flows 
were  computed  by  three  methods:  USGS-TWRI,  HEC-1  Dam,  and  Water 
Surface  Profile  HEC-2.  Floods  were  routed  using  both  the  maximum 
and  minimum  discharge  ratings,  HEC-1  Dam  and  HEC-2,  and  results  were 
found  to  compare  within  0.1  foot  for  the  PMF,  so  the  HEC-1  Dam 
version  was  used. 

Floods  were  routed  through  the  reservoir  using  the  HEC-1  (Dam  Safety 
Version)  program  to  determine  the  capabilities  of  the  spillway  and 
dam  embankment  crest.  The  input,  output  and  plotted  hydrographs  are 
attached  to  this  section. 


PLATE  D-2 


CO 

J 

f-t 

LJ  rO 
2X0 
Jtno 
DOO 

o>o 

UIO 

KUO 

LlCOO 

UO 

c 

o 

o 

o 

o 

o 

o 

o  o 

o 

0  r- 

•  CM 

*  0 

vD  O 

c  0 

0  0 

0  0 

0  0 
r-  in 

•  • 

.*0  W 
vO  w-i 

CO  0 

0  0 

0  0 

0  0 

•HO  0  fOO 

0X0 

•  o 

• 

1  •  •  •  • 

o  o 

f-(  O 

o 

cm  0  r^o 

ouo 

O  3 

vD  rH  CM  CO 

JIO 

o  o 

1 

cO  0  oco 

U-t— o 
o 

C30 

cojcto 

o  o 

c  o 

o  *o 

OrHGOO 

O  «H 

0  0  00 
0  0  00 
0  0  00 

ONNO  d-OO 

C22o 

LOO  UJO 

•  o 

•  •  •  *0  •  • 

<\l_3i— 3 

OIQ  « 

rH  o 

0  m  co  in  cm  in 

OH  O 

30  3 

»  o 

OOOOr-lCMh' 

K)W!CO 

30  )£3 

o 

OOOO  005 

0)30 

33CC3 

o 

1  OOO  OOO 

CO-hO 

oo<o 

o 

OOOOOO 

2  !-0 

30  0.0 

o 

OOO  003 

o< 

03  O 

o 

OLD  ID  r^o 

32X 

Zt  O  3  • 

o 

•  •  •v^O  •  * 

*—»«—( 

•O  U*H 

o 

tHinvOCM  r-o 

COLL 

OO  ho 

o 

O  OO  rH  rH r*» 

03  ST 

oo>o 

o 

0030  005) 

2  0- 

OO  uJO 

051 

OOO  OOO 

oo*:o 

o< 

OOOOOO 

£20 

oo<o 

o  3 

ooo  ooo 

<►-.2 

oou^o 

CM  tH 

cOfHOroO'O 

OO^ 

31h 

K)0  KVO 

0*10 

•  •  •  • 

O  • 

C.H- 

•O  Ohh 

02:0 

oina-r-CMin 

rom 

XC3 

OO  H-  «0 

o<o 

OvDO  O  »-HvC 

OO 

0-0 

oo  oo 

00.0 

coco  000 

30 

<tXX 

ooooo 

0  0 

OOOOOO 

OO 

r  i.i 

000500 

030 

OOOOOO 

OO 

>>- 

ooooo 

3LJ3 

OOOOOO 

OO 

303 

O  >-  «H 

OCT^rOCMO 

0  or- 

U 

CM  X  CM 

>0 

•  •  •«~|  •  • 

00  • 

►HE  CO 

•  H 

uo 

o^poino^o 

^■cMin 

XlH 

0  3  0 

\0\D O  OO  O 

OOO 

UOC0 

OCO 

<0 

oco 3  O oco 

ooo 

X  >• 

O  _l  o 

-JO 

OOOOOO 

ooo 

<Ll  J 

O  Ll  o 

0 

OOOOOO 

0  00 

_IO< 

0  2  0 

xo 

OOOOOO 

3  00 

2  in 

<Hin  >h3-oj 

rH  <r 

^rr-ororoo 

in  in  in 

oo<o 

oh  ro  o 

0  x 

•  •  »K)  •  • 

•  O  • 

•H  o 

O  •  LL»H«H 

0  ►- 

o^rcvjro  vOin 

f4iHin 

coxo 

oo  o  «o 

0 

ooo  00  in 

OOO 

>-  o 

OO  OO 

0  00 

co  00  OOGQ 

ooo 

-JOCO 

o  o  2oo 

O  3 

ooo  ooo 

ooo 

«t  o 

oo  ooo 

0  0 

OOOOOO 

ooo 

220 

oo  *hoo 

0  -1 

000  ooo 

ooo 

<  o 

oohkimh 

r^r-iCMLL 

cMinocMoin 

0  OH 

o 

0H0<0  • 

HO  O 

•  •  *0"  •  • 

•0  • 

>-  o 

o  »o  Joo 

•  *OQ 

o^fHfHror^ 

k)«h  in 

t—  o 

00030(11 

0  1  ou 

iBiDO  OO  cf 

ooo 

U  o 

OOC  UOG 

0  Ch 

cco  OO  co 

OOO¬ 

Ll  O 

OOO JOO 

0  03 

000  ooo 

OOO 

<  o 

OOOdOO 

c  00 

030000 

ooo 

co  o 

030000 

0  02 

OOO  300 

ooo 

COU-)»-((rO  H3  3-H  HCOJOSCOOHOrtJ' 

(03300  OO  03  O  •  *0  lD  O  •  •  »3  •O' 

Csl  O  O  »0  03  30  OOJOOOBJOJIOITO 

OOOOO  OO  OC  OvCJOOOKlOviOJO 

ooooo  oo  oc  oeco  oooosj  oco 

OOOOO  oo  oo  ooocoooooooo 

•HCMfO  <H  f-t  (H  CM  <H  -HS-a-lfim  <LJ«Q  J> 


PLATE  0 


■ouor'vfi©r*».««'->tn%ooo  — ■>  c  ^  — cm 

I  i*j  v;  r  -<  — c\j  ru  cm  c\,  rv  N  y.T.  O  O 

— — c\rv:McvfMrMfv  .%<mcmc\j<m:m<mcmc\.:\ 


►  —  -JW 
•  2- 
*  -  o 


►  <  2 
»-20 
»  O— 
»  2— 

•  C-tO< 

*<£U 

»  osw— 

•  o»w 

•  o  — 
»  a  >-c 
*2*-© 

•  "*’«>- 

•  QC/JO 

•  O  <« 

•  ©*:-. 

»j< 

•  wO 


u.y: 

or 

o 

CUj 


ouz 

«: 

o  — 
•OWIM 
oo 
o«c— 


U  C  u-o 
X  u 
—  < 

W  X 
£  *- 


XII 

wo 

x~ 


C/OU.  t-ZOKO 


<v  o 
r-o 
X  • 


X  • 
20 
©cm 


w© 

-J 


*-c 
<  • 
X© 


<uo 
—  a.© 


x  •  © 

—  O' 

•Ji  » 


X© 

2©  Z 

—  •  u 


><—  >*©xin 


— r  co 
>«— 
-JO  CO 
X  >» 
<UJ 

J3< 

z 

co< 

ttX 

w 

w«e 

< 

zr 


&.© 

£ 

O 


<o 

Z  • 

(OO 


<*o 

W— 
X  • 


©cm 

s 


(AO 

C- 

X  • 


WO 

wo 
0»  • 
coo 


to  *•  —  — oeoooooooooooe  occc 
to  oooooooooooooocooooo  c 
c  . . . 

-J 

to  rsj  rw  ru  .*u  r\i  rw  rg  ru  <%/  r\i  -vj  c  c  x  JiwCC^  x 

u  cm  cm  cm  cm  ^Mcmcmcm  cm  cm  cm  cm  cvcv  c.  cvjcmcm  cm  .a.  f' 

x  . . . .  •  • 

Z  cm  <M  <M  “•  r*  c\,  ?.  Jv1  fv  cm  cv“M  “'■*'•**  ***'■''•**•*■•  *• 

—  r„  .m  cm  M  :\  c\. ,-\. cm cm  r\  -\j -st  ?m<m  rw tv nn  -v 

<  . . 

o  j.n  a*-©?'©  — 

C  y  r-  r  c-  .o.o.o  O  X  X  X  X  ,.  - 

Zi 

X 

Z  fiaoojia^oinet'ioiooj’otnoinoj- 
Z  e  — —  c\-M-">ro  y  y.r  /70  ©— — fM{\'*r  »r  rr 

<  —  —  .4^*4  --4  —  - 

2  oooooooooco© oooeooooc 

3 . . 

OO  —  44««-..-.,4— 

J£ 


ODE 

<  — 

X 

oe  • 

• 

o 

w 

wo 

Or- 

►-X  • 

< 

w 

X 

o 

— 

£  X 

UE 

o 

w 

* 

u 

— « 

X 

►- 

<  o 

K> 

< 

• 

o 

NO 

•4  ■— 

X 

ii 

• 

> 

< 

z 

O  -O 

11/10 

u. 

X  II 

z 

to 

EZO 

w 

-J 

COO 

• 

L_ 

u 

►- 

X 

-4 

cxc 

w 

OO 

on 

u 

X 

<—z 

w— 

« 

w 

X 

< 

X 

X  • 

o< 

-z 

w 

ca- 

w 

lAkC 

• 

c 

<t 

x<**> 

— 

C/5H.C 

X  w 

M(/l 

«  — 

1C 

XW 

w 

>-xcv 

• 

z 

w 

OO  — 

u<\o 

toy) 

o 

o 

tou 

z^ 

1 

xor 

XX 

0*-o 

JZ  • 

« 

2 

oto  • 

w— o 

c 

o 

>- 

wx 

— 

u.X 

x*-o 

COX 

3 

< 

X 

o 

zo 

XX 

XX  • 

-J 

• 

X 

JO 

o 

OC 

<xx 

Z 

Z-* 

w 

o 

a*- 

— 

w 

l  o 

Xw 

s 

< 

< 

u 

>- 

cm 

ZO 

1 

wo 

X 

o 

Du 

>  >- 

c 

II 

u 

o 

w 

I 

— 

— o 

— o 

z 

302 

o 

ZZtO 

X 

X 

M 

<  • 

z  • 

o 

w 

W 

<«— 

< 

Q 

xo 

xo 

OO 

o 

o 

KO 

xo  O 
X  •  z 


x-< 

wo 

x— 


X 

o 

o  •  « 

x-«- 

OO 


-CM 


V>  09000000C00000000030C 

o  . 

w 

(/)  oooooooooooooooooooo e 

U  OOOOOOOOOOOOOOOOOOOOC 

x 

w  oooooooooooooooco 

—  OOOOOOOOOOOOOOOOOOOOC 

<  . . . 

X 

2  —  —  —  —  —  —  —  (M.N 


©» 

"V  • 

-O 

o— 

mm 

W-. 

O'-* 


O  OOOOOOOOOOOOOOOOOOOOC 


PLATE  D-3 


^  C*  c\*  r\j  c\4  foro  *'.  >o  io»o  »o  po  *o  m  *■,  1010  »  w  *-> . 


<y'3*L'VO*-«<^^Oin^v2y  '\J(\J<\|C\iOK-«  vC  OJ)lJ1J'0fl»,l'0  \  }'7,0<0(\l^nine3009009090090000300300c00c 
i«-oCin?'No  _c  y*o<vcvfvfvrjf\j»-r'*^sCO\.^r)»r>^J^jTjT^ooo  ♦•ocvtvc\;rafvifNjJMrjf\''Vf\ifMfvrjc^fvfvpwrj{\,r\»rvfv''.,'\c'j'^(vr«<\.r» 
-T^,0'0’0'"0>OfO»o»o-o>ooijc^c«  c\ic«  oocgovov  t\j  rwcw*-* 


2  009  OOOOOOOOC  OO  0  00  00*^  —  00  9  CCCOOOCOOOOOOOCOO  OOOOOOOC  OOOOO  ©OOOOO ©00000000  ©OOC  09C  ©oeccoececc 
20000009003 3 00000900000  9©0©000©000©0000o00  OOOOOOOOC  OOOO  OOOOO  OOOOO  C  0900  OO  O  C  9909909900000C 


,  «  ^^',<l«1-<T0i0,O*V0fi>0»12  ZD  OOM-t^xxoiO  O  —  — —  — —  •««  —  T3‘TS’TT3’S"T3-S’  fVJCNi  CVJ  Cg  CNJO*  CVJ  fy  £VCVf^>'N.  f\j  OJ  (N»  ry  CNj  rw  >i  -“V  .%» .  \»  Ow  f\J  r\*  f  w  f\<  PS.  “V  "SJ  \ 

. «“*. *:*«?"*i ■r***rt*r* •O'O % r* y sT f>» \ \\\!vp^f^f'ir>Aoococoa9cocccccosoc£2ac  occccoccocccc  c 


—  "v— 


■*►*"•■  "r‘ **)  *’  r-  s’  r-  c  r-  y  o  r-  a*  »  ^ f'jfu^og rv'NJfNjr^cvfy fvjOsj  r*:v  r\  e\»r.r .  \r.  “\  rv  v.  rw  *\,f\  rw  rfc  “v:\.(\  c..-* 

•  9  —  ^-nC  r-S'-*.  *)'C'fl'0')10^<^'0^i\Pja\^Ma{\J\\^30030000000939003039009093  0030000“  —  =  ^ 


—  Cy«-« 


-  o  c  c  CtCiCSt*1?  C'r'C'T-rr'T'OocoocooooCi  —  —  —  —  —  —  —  —  —  —  f»c\.'\.r\<\,*,.  rv  «*«•,■-:  ^  ■»-  -  r  r  r  *  j  r  r  ?  r  j 

•**-»««^^«-i^CN;{vcvcvt>4Corcfv»f\.cvc\rNirvi!MC».c\(.%f^ry,rsi^rv,r«.%^%'S(^Cj:\<\csC\.%<.r\.?gr\(rvf\r>cN.<\.^.% .~*i\  v "w .‘V .% r» .% .% rv 


a^oxiOirs^oiroino/ioinscioinoinoinoi/ioiro.r.oinoL'ioioo^Oi.ftcinoinoioo^ooc.^oirc/'Oinotfiotnoino.'io^o.  '•.o/.o^ioific.'.s/.c^oi/'or 
•  irco««r,^  «r.a-»irirco«wf,n,»7irjri.ni/ioo'"x  rwfwO'O#  inriDoo  —  —  cw  <v*>  *o  9  riTu'-.o  c— — c.  r\  ^  *o  9  9  m  o  o—  — .rv  in,-".  «r  *  ^  r  ."oo—  — rv  r^ircc 

'•^os-sroocroa-r-o  y  >ni.n»ntnsr:u*:inir><ri.ni.'ii.“'vfi\fivr>'C  sc©  90-3  vasevrf^*-*.  oo  — ccoecec  c  err  “■  cr  r>  r- T  '  ••.•''"©occccoocooo— — 

-  —  —  **-*««*^  — *4 —  —————— —  —  —  —  ———————  —  —  —  —  —  —  —  —  <\  1%,  %  .M *S..\  Cv  ^<Vif\J\;^r\.f\ 


-0090  099 OQO 099099000000990 099  900000 090 090 0009 9 090 09 0900 9 009 009000 COO 9  O CO  090 9000 CO 90  9999  C 


okjj :r»y »»ninint(niPiPtf>>oo>OvflN0'£\flf,»f,-*'*r»^^^‘-^r»r*«o ©too®  ©©ec<\j<'»*ri  — inff*— ie?> ©©—  — yr  jy ':/i^invDC'£CC 

—  CNlfOar  ^  9  vT>  uO  *f)  iT)  .T.  «.">  kT.  ^  O  -3  ^ 


3 900 © 9000 9000 900 009 00  00990 OOOOO 0000009 0000000090 OO 00090 O 090  990000 0000000000000009090000C 


300000000 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOC  9  9 c 


309  000000000090000000 OOOOO 000000000003 0000000003000000000000000000  DOOOCOOOO C90000000009C 


% "O  T  \ft  \£  **  ®  T*  O  — <M  y  lf>  vA  f»  o  ff»  o ** eg  *> 3  ifl  vO  **  «  O  —  f\i  i/>  s0  r- <0  C*'  O *4  <N  K)  ^  ifl xfl  •*.  O  O  M  tv 9^  iTl  ^  O -«  rg *0  ^  ifj  O  ^ «  O  O s'  r>  v£  ^ «  ff'  O  <V  *0  ^  4rt  vr  *>•  ffl  ? 

.  •j4flve^(fl^jirsN«.KKNN»«.sNlocoff®ocsfieff'r^rO'?'C'?'M^cooooooc  cc 


3v''Otncrf,>oi0Okno»r'OOO4r'O'-noj0oi0oir)oa0ojr)Oinoirou*iou“9^noiroi/iCL"'Oiro»noir:c  ^no»ro  oiroir.oc^oir*oir.o»f>ooe>r.  ou^ciroL^o^eiroinc  ^.ew 
»in«f  oo»»»*p;N'0'0?»1fl(.'ioo»*-<vtv<i''iy  ^oo*"*M\^^3'  ytn^i  «*>  ;r  r^;,  oc  — WPs;ro^^9  »/uc  c 


m  fV  <N|  (N,  <V0J  tSi  <*»i  M<Ni  <V*> *0 »T  fO w>  ^ »0  <0 *»  »n  ^  »  »■  9  *  9-  T  9  9  9  9  9  tf*i  tfl  'f'-  '&  <f>  lO  irttO  >C  -9  O  vO  >3  v£  ^  •O  O  »£  ^  --  ^  »-•  ^  ^  ^  ^  <C  C  C  «  O  O  C  C  C  ®  C  ^  C“ 


3000  0  9909000090000000009000000000000000000000000000  0000000000000000000  30000 900000000000 C 


PLATE  D-9 


01  Hi  *i  MV Tif  liOi  inunoovis  XV  H.iVIlOOHiUll 


r 


icoooaooooS'"’ 


in3  33  3m inn  in 


OOOCOOOOO— — - 

oooooooooooc 

33333333333^ 

cccce^cecoof 


looaoaooooe-HH  — — <v  mj  m3  o  v£  m  l' 


-— — c  c  o© 


C  30300300- 
303300000= 
CSS:SQ£3CJ 


o  o  o  o  o  o  o  o  o  o  o  —  — —  — — rv  cv  in  3  o  3  3  n  in  in  n  n 


030300030— -- 
00030000003C 

32cc3;£S?;c: 


o  o  o  00  00  00  o  o  o  —  — — <v  <v*o  33  3  o  3mmm  mm 


<\jOj<\c\jc\iCVC\jf\iC\;^>0’^>OKi.y  a-tr<3f-©— —  — — ooooff- 
3£CQ$CQ£0CO3C  flSCOCOJ'J'J'f'r  OOnOO. 


coooooooo— — - 

00000 coooooc 
CC.  £»v£w  i'ivi'i’* 
CC3£3CCC®CCC 


an 

<*.— 


o° 

~5*o 


ocooccocoooo— 


<0  O  3  «  O  «C  O  O  O  <D  3  CO  ©  «  3  o  O  O  O  T  O'  C*  3  0*  c-  T  O'  <0 


ZD O O O 3 0  3  0030  00- 


•* — cv  f\i  ^  »n  3  3  3  3  3  n  in  m  m 


%  3  —  U. 


oooc  00000  —  -- 

ooooooocoooc 
3333333  3-  3  w£<I 
££QO£COC£fl£C 


— OOO OO OOOO— — - 

cooooccooocc 
33 330033 3 OOC 
0C50CIOC03CC 


m 

m 


000000000000- 


-»—— eg  mm3  3  033  mm  mm 


pg  cv  <n  r\i  cv  <v  eg  <v  cv  m  m  m  m  m  3  » in  o  r»  o  — — — o  o  o  tr 

££®C£OO£COe«3££O£O©J'f'J'0'?ff'7'7'7'® 


oooooooooo— - 

00000300000 c 
O 3 3  3 3  3 3 3  3 3  3  ^ 
COOOC©CS£fi£C 


OOOOOOO OOOOO- 


*  cvm  no  3  3  33  n  m  in  in 


cv  cv  cv  cm  cv  r\i  cv  cv  cv  *0  m  m  n  m  y  »  m  3  r»  © — — — — o  0  o  <r 
© 3 33  3 3 3 3 3 3 333 3 3 3 3 3©^  ^  ^ ^ ff1 3 


©ooooooooo—- 
OOOOOOOOOOO  z 

•  p  . ^  ^  ^  ^  ^  ^ 

ceaoaeseexBi 


03000  0000  o  o  ©—-—-*•*  ogm  m3  3  3  33  m  m  mm 


0000000000— — 
00000000000c 

33  33  333  333  3  - 
£££££©©©£££: 


30 

ZJZ 

mUO 


990000000000———- 


-cvrv.rn3333.nmmm 


OOOOOOOOCC— - 

OOOOOOOOOOO c 
33333333333  <£ 

ecxecroecoct 


PLATE  0-12 


ST  AT  1  UN  IIUOUIIJ,  (’LAN  1.  MATH)  I 
EHO-Or-PI  H  1011  IIYOftObMAf'll  WitltUATl  !, 


ooooooc v£  r-*-  #*io<v  *■«*■■>  a/1 

X  — 


f%.T^  ■o  yx®  ©<\;3-in7'O.n\0r»*»*«c''<»r  yTO«">r\.<v 

a  o  ®  a?  ©  a  ® «  «  ©  7*  ©  3*  j>  3*  o  -*<v <o  «*>  ru  <\.  ..v  <v  *v  .\<  a. 


ocooo  — (\jr'£d)Oi\  —  f^.  3 


OOOSOOOJOOJ  — 

x  ©  x  c  :»‘ccc'£^:cvc. 
xooere  rccoceecsc  c 


0G00333-,\^i‘vfiN.NC 


p'\J'''\r.T'f\1;r.''uOy~,,-,.~r-« 


CCOCOC3CCit2?7'?r'3-<.\’'T'*'.\\v'\j.\'v:\’J\ 


crcooo-A^.-vrxco'Vf'-iX''' 
;3g:3;  =  33=c  — —  ’ 


ococcoop*(v<j»£SKC^occvfl.*>iair^<vr'0.*» 


<V  <V  <V  Aj  .-v  IO  >»  7>  >«•  *>  y; 
O©  «  ©OB  B  ©  OB  C  J' 


MA. 
A.  CM 


3QCOOCS00333-  — ”< 

cbobcoobxbbbc©  c  = 


©  o  o  ©  o  © cm  -O  r  v£  r-  r-  «©  T'  c  ^  cm Z  r- c\  « X  A.  ©  t-» >p  3- 


»v:vc\icv;f\,*A,r"lOin^Os*<,^>r>r^<  ajcm  ©<\.  T  J'c  ~«Ofr<v<v<\. 
Cc:iv3C£>Oi«  T'O'C'C'  C  -*r\.  i<)*1*o\\<v  <M<\  ■%.%(%. 


G5QOCH«Hir.*>r-^.*.- 


03;C32C30Q03-"-f. 

jco^  j^nCCvc c*:*v:  i\ 
bbeboboobob©©  or c 


DC0C0C®0*-^*<‘^'sflr‘f>*<Cr‘  =  — OOWAT-'  wfS/fM.*C 
O  *-*>•  c\;  <\j  ?-«■>*■»  A.  Ai«^** — — 

niOmm 


s 

O  *•••*••  A . 

o-i»-ccr''<''Cr^v£  y  jr«r  i\rv»c\ 
KcescTtccscssrff'^f  o»-cv<v'0'r<,vfM<v<v<vn.rMrv 


< 

N300aO3«HK).*>^-«'!,'.  - 

. . .  •  •  • 

coceczjoeocos  — ' 
XnOXCXOXXXsC'C'XXX'Xn. 
3<03SC£3O«QC3i33S: 


4 


o  oo  o  ©o  o  ■■*  &•  x  r»  p*  p*»<p*  o  ^  x  c**!  vp  <d  ►“*■>  p-  xi  y 


A:  cm  cm  <v  cm  >o  *Oin**.<r  ^cvijrxc\i©ti,'«csr©(Axu‘Jr"->cM<M<M 
©OOBBB  ®  ©33®  ©<7'S'7'3v©****CMK},0%(>j'MC\l(NC\jCMAj 


3  000Q3-<»«*CiflN7.«*T  *  c 


33530C003300H  — ' 
vC»^C'>^wwO'CC\C^v'>£vi 
scscoaaocoQGefia: 


OOOOC OOO^INif  /lNNNQOwf*  OvflN-OCt'TONin  J  f\j<M  <MfM<\!*0»0  T'S)  O  OCgy  v0-* 

•—^BiTl^-IXCMCMcM*-*-*^  B©  00(000  ©OflO®  [T'ff'ff'C'C  ©<■**>/*■> *3  CV<MCV<M<V CM  CM  CM 


oooc9c<»-«»iir\?p«<r,»a 


000©30000000  —  —  —»- 
3v£0<3<CJn£C  XXsCX  X  XX 
CCCC3UCC0CCCCOC C 


OOOSOOOOH.MTfl^NMJSwCNeOOO^OIsBtf  (\*OsJ  CM  CMCM*0  *■>••■)  BX  BO  CM  BXOOP'-*-  X  .  *•  nr^M^N 

escftOACgjeioec'  j'£r'7'©©«*cy»»‘*,oc\.  m  cm  cm  .m 

r>— —  ^ 


0000  3  3*-"^(vr'00  0\ff  9 


30003C030a03--«r 
XX  XXX  XXXXXXXXXX  M 

boob ;sssco?st X  C : 


aOOOOOOO*«MtfrM,'^*J''H'XO/l'O^W?3«^» 
— •-'I  yo«or^r\i  — — 


cm  cm  .-v  cm .v*> JSO(\y  xo*-xXp*'«?'®X  r*o<MA.  % 
Cflfl®C3®®00®C'?’7'J'0  0«-*<M  ^N,r)c\j  Ai  CM  CMCM  >*M  <M  (M 


coeooe-*-<v,»cc  ©c\  re 


ooaocooooc'xo  — — — - 
XXXXXwXXXXXXXXXs. 

Bcctoso«ottectC! 


PLATE  D— 13 


SI AT lOHUOOOO^ 


PLATE  0-15 


f 


•  •  «  ‘OCOOOOOOOCOCOOOOOOOOOOOOOOOOOCOOOOOOOC00200COOCOOOOCDOOOC 

.  . . . . . . . . .  •  *  •  • 

s  *-»<v  *■>  t  \f>  \C  f*  c  a  ««»<m  r  \n  so  **  »  tr  o  «-<v  *o  tt  ifl  c  O'  ®**  exa  *o  jf  it  <£  o  O'  ©  -»<v  ^  in  sc  k  c  o'  e  **•  t\i  ar  in  vo  <c  O'  ©  -»cg  «<> » jn  <£  ©  o>  e  **  cj  »o  *  r>  vc  © <*  e  »•  in  %a  f* 

3C#fl<(0CCCO^ff'J'fNff'^^ff’0'J'3OOaOOOO3OH  *0*0*0  *0*0  *•">•>  *0  T  J  J*ff  f  J  Tf  inbOtfV.O;nwOtr)'nv&^©v0'A^>O,£ 


if»o^oi/iein3ifto/i3iroir)oin3(nairoioa(na/)cincino/io/ioif)3i^3irtotnouioi0  3tnsinoifio^o(00u,,'o«ioinoir>o,rta^5inotnotno.">ofl3^oiooifio 
y  ^  a"!  ©©*••*«  «voj  o«o^ar  into  ©©««*■<  <\fvj*o*o:r  yiOir  a  a -*«-M  in  10  c-  yui  n© ©-»**rg<\jiopo  #»jnin©  ©•m^<v<v*oio csj "om ya-kT'-'^cso— -*o»pg*o*oa>  y  tfi 

■0*4>s4>'i>r-O»O»r*'»'«-*>»P-r«»^»*~^  ••«■«©«  ««*©©«««  e(Mrj>Jsff>j>^ffiff\^f\JsoOOOOOOO  0  3  0©*-  — —  — <\J  CM  <VPgCNj<VfNjr\|<\(  <M<NJCSI<0  «-/!«->  «■>*■>«■>*■>  *■»•!'>*>*■»< 


PLATE  D-16 


ooo 
-—«•  oo 
—  c 


coocoooc 


30C300C00 


CDOC DOC 30 DOCDODQOC 


C e  «* r* t i»“> o r* «  S' © **  <v «r  jr  in •£ r* © tj' ©«*  <v »n & u“» so »*• <e © ** <\ *>»\n sc f»  c ^ o ** ;m *> i/i  >c  © <r>  © ««•<%; ■*■» sr  if> so*-  ©  c* o** cm ■■> ^ in © © tr* o •* 9  1/*© © <?* o «-*<v  v>  ^  c 
©  ©  *•  #*.  f»  f*  h-  r»  *.  !•»  «  C  ©  4)  «  «  «  ©  t)  m  0*  O'  <*  O'  «*  ff'  O'  CN  <M7*  ©  O  ©  O  O  O  »  O  ©  ©  •-*  «*  -» ««  **  -I -*  «*  f-»  pg  Cj  (V  <V  -X  ^  f\l  <M  M  <M  K1  *> •>  *0  «\ *0  «■,  <r>  «->  ■*»  *■  *r  »  »■  9  »  ©  JT  ST  T  iT  if>  »f>  u-» ».' 

<\  M  <\>  "W  !\){\J  ^  Oj  PJ<V  (V<M  <V  (V!VW  fw<v  <\  rv  r«f\#  I*  .M  C*  <\i  r>j  (N*  C\.f\,  CM  i\J  N  tM  <V  CM  *v  PYfSKV;  M  <\  rv  CM  f\l  <NJ  CM  «\i  rgfO  OJ  Og  M  (\|  f» 
o-fl0ipoinotno(roinoifl0ira'.,'1oir©iroir3inotnoj’'onc^aino^ojie'/>a^o<)o^0'/>oooiftotfio/)0'/ioino/>ofl3ino/icino/>oinot'>9^oir'o^oinot' 
©  o  ** #* fs,  oj  w  ir  ar tn  »r>o  o •-  -*<v <v<^>  «n  »  ^ «r»m  o  o  *+  •*  m «n *n 9  *■  »n  &  e  o**  •*  m «v *\ »o  *■ » in ^  o  o ««* oj m  9  * u*. m  e  o <\t  <  »  r  s> to o  o •*  <v  rvj  ^  ^  v  9  c*  tf*.  o  o « «■ 

y ifjirv/i D^r>«r»in j*)iT)nA«c^x sc>fi jcaoBiecT'ff'f'S'J'pff'ff'f  J'J'^c.'xjooooodoo 


PLATE  0-17 


000000009000000000000 


•>tf>©*»OO*o«4ftj*,>nJiOrit80,to«a*<v*)  *  insar-c 

ameinomoinemoineineinoinoinomotnoinoinotnoino 

iNrt^rfifl'/iocn^wNinrtrrifflfto©#*  -*<\t\no-or  »miro 
.«*«*■* ••«  •••  •■•  f*  rg  tv  «m  «*  <v  f*  « <v  <v  tv  <m  m  «vn  m  m  *»«■>  m  *n  m*»  m  © 

IV  #*«*  m<V<VCI|  <V<V<M<*  Ol  IVfMfW  <V«|  CgOJ  (V  «v  OKV  Aim  «M«V  <V  <N  f*OI  ** 


PLATE 


SUVNHJMO  H.lVMOO>inAII  00!  113*1- J0-0N3 


•■iCVK'.sr'Ccs.^ 


Mf\iM\>o"ir«JP'>0NHv0ofc'O(\'0j?'(VOC.'?a'?  y 

53330  5C  0  5r„'>C3r»r«'00»03-(CiO»1C\|-gr,\.\\ 


3  00©.—  —  CVy©  !VJ0»>NJ3 

0  3  300  5300i-.\\.VOj 
<£Cw^ 

seeescossotco css 


eeeoo«**\\jMCJ'i 


,  C  *S’'C3in»Tgf. 
i  c«  -o  "• ,  -o  :w  'v. 


CMCM  :m  cv  ■o  «r  y  .r  c*  ?•  C  yy  y  y 

©  ®  ©  c  ©  ©  c  e  ©  T'  r*  c  ©  ©  ~cv  y  *o  -t  *■>  mi  cm  cm  %  .v .m 


2  0 


o  o  o  o  o 1\' y  r*  <c  o  o -- 1*- o  s  y  c:  o  c“.  y  *o  o, 

-h  cr  n5  «o  *o  y- •<:  .n -o  tM c\,  rs»  cm 

P.-C30.\\ 


jvpmcmcm*-!*; y •*».*■' r*ye,\^' *«r<\\C^r? y y«“-  . .  .  .  .  . 

®o©ooocooy'3'ooo-«<>ji^'Oy,o^!,orj(vf\»,s,f\,rvjf\i  ocooocc  :^o— «  —  ^'Mrv-'-r 


ooooo-H-.jNNc^co.*a,--':?'’'<r  ©cry  **cm 
«  ^  S  C  *0  ©  *0  O  ©  >0  *0  <M  Ai  fM  ■' V  <M 
c  <>.»«■  c  y 

cm  PVi  <\  fv  <>«•■  y  ©  ©  PM  o  ©  y  «  <v *o  r-  if.  ©  fv  ^  ©  y  y  y  y  y 

rocscrcss^r  ooo-»cv^^’o<‘*^'0."s.rw'M<vc\cv  m 

o  c  ©  ©  ~  —  cm  rf**-  ©  y  ©  pv  ©  ©  cv 

O  ©C  ©  ©  ©  ©  3  O  —  !\-*C  y 

© ©©©«  «©c®  ©sec  cce 

—  ^y©'OL->«*-»©©'0«M.MfMPgfM 
<\<  y  y»o<\ 

y  y  ©cmO  Cy  ©<\.©!\"^u*!©-^'vr»©.ry  y  y  y 

s®  c«esss'o^5'ooo*-ivo^r  *vo«ocmpwcmcm.''jpn.  .m 

3  30  3-*  —  CM'OviOyC^^e^ 

oocoooooo— — .wo? 
OvCOCCCCwCCC-CCCCC 
sc3C3ascsc3at;::i 

3 

C 

-1 

3©  ©  c  ©  ©  ©  ^ —k;  Or-  ©  r  r  O  ©  ©  kT  m:  S  IT  »*•  vC  r-r-  *?■  y  -o  pv, 
C  •*<Mjra^*£PY©r'*«‘>P\.<\cvA;<V 

CM©«©*OPM 

-j 

< 

a: 

►~P^CN.PV.<M^^  y  y  c-trr^cr.rP."' -y  ©^cv^u^iT.y  y  y  y 
60  ©«  C  ©  C  C  C  C  ©C' y  y  ©  ©  —  c\  ^TIIO  «0-C^  CM  CV  P'.CM  PN.  f\  PN. 

3 

«s 

•-coos  — ^CNHfisyO-.^P'C 

. . * . 

©  3  3  3  C  3  O  O  3  *-  —  *-C*v  p^  CM  y 
3wvDXJoaO'i^io:cwC 

asatoaacccaecjc; 

OOOOOOrtHifl^C7lff'OOJ'«HONp'J'ff>NDltfifl(V 

M  cm  *>  y  ©  PM.n  «  *o  cm  oj  m  cm  cm 

CVjfOfOsfilOCM 


cm  <vi  <v  cm  n  *o  <*7  y  f*»  •<  tco  y*  »o  r*  «*  #o  <v  *>  «7  © io  cv  ©  «/■>  if)  y  y  y  y 
©  ©  ©  ©  O  «  ©  ©  ©  S'  T  7*  o  o  -*  cm  i<i  *n  *o  *o  *>-■>  cm  cm  cm  cm  cm  cm  cm 


o  ooo»<«^Ntn(r^  »*in3*  o- 


3000030000— Ojt\l.\' 
>Cw>£<£0\.'^^s£tCC'il'X^0^ 

oooc  ootoccccorcss; 


OOO3OO«HK5>£N0?(r»OyMff'OSO(\'iHMry'0(\ 

****CM©*>PM">©©y  cmcmcvcmcm 
cg*o»o©»o<v-* 


CM  c\»  cm  cm  k>  io  to  y  r«»  ~ >r  T  **  cm — mio  C'  «*>  cnj  ©  in  ir  y  y  y  y 
©  ©  ©  ©  ©  ©  ©  ©  ©  y>  o' t  o  ©  •—  cm  <j  k>  *o  <v tv  cm  pm  pm  cm  cm  cm 


O  O  ©  ©  O  —■  **  CM  ^  O'  "O  P-  **  y  ©  *. 


C000030030  — rjM\K 

©©©©©©©© ©©c©©©©* 
«©©co©ooc  ©  ©©«.«©  c 


o 03 o  eoMM  y'ff'O^-4  ©o  ©  y  l*>©  y  ©  soy*o  tv 

•-**"*©y'*'"!<M'»‘-©.'\yrMCMCM<MCM 
r\i  cm ''■>©*"' cm-. 


rM<Mf\i?M>0«’5»oy  ©o  ycccvj  ©  ©©»*•*>''■' «-*«icm  ^©fi  y y y  y 
©«©«?©©©  ©©ff'ff' £*©©*•  cv*o«nr,y"'>«cfvcMCMCM<M  cm  cm 


oocoo-iH(\^c'(VsOorO'i 
•  •■••»•  •••••••• 

sosoocoocs— a.\w» 
©'£-£'—©-£©©'£  —  ©©©  ^  f  ^ 
©©3©©c  ©sec  r::c:t 


o©  ©o  o©  «•— «m  tn*. «  o-  ©©<«•?*©  ©cm  cm  ©  y>  y*  ©y  *■• 
■**<*»©y  ir>yc-yycM<MCMCM<M 


rMfM<Mcv"">*'"i,c' y  oo  yc\'£3J,o\^^*'\0':irf  ?f  y 
©  ©  ©  ©  ©  ec  ©  ©  ®  y  y  'T'  o  ©*•  •«  ■■>  y  *»  <m  pmcm  *m  cm  *m 


©oc©o«— cm  y©r\.©ey  rw 

3C33000000-<-\Oj'M 

©©•4©©©©©©©©©©©© 

£CCC«CCCC«CtOd 


PLATE  D-19 


‘  >  V« 


-  **'  .1 P1- ••£ 

:  Osicojc^o^vo^i 
.'^•accaiO'Oioca 


-sssocss 


jcwooc 

is;; ;s23fi css 


UT'c;  •  •j'-o 
©•*  "s' 


-.  >■  ©  ©  P^s  C  Pw  O  C  O  (js  5S  O' 

■fy^T-T  &T S’ 3" *"*)'+>< 
ICs-s'CC  vCC  'iJ  sv 
-icttccficcifiica 


-s<c  r*  n.  m3  so  es  o>  o*  <r 

-?•  a-  a-  a-  *•  t  sr  *  jp  -o  «o  *> 

.CCI  2'£JCO'Cv  0-S 

oca^oqjcsacaBS 


r  y  t  t  #  r-  Jr  r  t  m 

l£<£^'£sC>£'X\£sfi\£>£v£s£ 

5»ss«eceoe9oa 


jr  *• »  n  at  *  ^  ;r  <0*1-1 

v2^vC4<£«£\£<£aC>£w'il 

««©©<©  ccco©  »a?co« 


OU'  •  •o''rt 

r  ocnf; 
*  <\>ae 

.■v  sC 


cc  •  »©<fl  *  • 

^N'flO^HO 
CX  •  •ff'PO 
r  vfl©^ry 
t  <\.« 

3-  >6 


X  ■  •  • 

OT  ©tOP**)© 
0*0  •  «f»-« 

2*o 

i  cvrg 

©  sC 


r>  p*  p-  rur-  **  *4  o  ©  e*  ^  <r 
» sr  »■/> »  *■  »  »  »  ^ppjpiuo 
se<0«ecccocsic 


*  9  T-f  T  T  *  T  *  9 

Z  XsC»r  •£  XvOvC'BnT  JC'X'C 

a  xeaxaQaocsa * 


Wxicoch-c 

IkCJtU, 
UUX  #  3 
w  uu 


.•.^NfN^rPoafxx 

•£  •S'6*£'C'££*£'£<£«0'£*6 

:s?«eas«<9ce«e 


INFLOW  t  I )  •  OUTFLOW  (01  ANO  OHSfttVLO  FLOWM» 
200,  MOO.  600.  000,  1000,  1200, 


PLATE  D-22 


o 


o 


o 


o 


o 


scr-®^©*-****^*  ^lOi^ec1  ©•*«¥*■>  a«n%s»,*©ff'©-*<v*>»;/>©f»«^©**'v,^4rw‘‘ 
;.  .X  "■»*«•  *>■•''•  ***“*«  ©Bssc  CJ©«e<r  iJ'fTff'T'  tf'T'j'ff'^Oaoooooo  oo-^  —  —  — -^ry  cjrg  (\i%  <^r\,%ojru**><o*^  «nw>>c 

-  MM  ** «■•-•*•  m *4 #•  •»•«•-•  <m 0m m*  +*—+*****— m  «— •  fMfy  <VfN  OjrgfM<%fXf'i  <^rsi  Psifg  fwfNj  %  !N*Pg  <V«N)  MtV!V<V(V<V<Vnj<Vf>jry  ^  (V?V  <v<v  rwrv.  <\  n,c 

a  .n©^o^o<r.©inainorir)ou>Oino^©kno«n©ir  3/)©^>o^©^oinoiro/)©ino^atr>e^>oiren©ins^o..,,)aia)oir>otn©«n©in©</>©i^oir>oin9inoin©knotnoiro4.' 

<*w*»-,‘jr ar tn «■>©©•-« yiniroo^-»<v<M»»vo^tf,»r50©©*-^- *mm e©«— <\ «»*»•*.»  jrir./'c ©^*^<\  fvno^e rtTkreo^—fvfvj^^^arvriro©—- 


jr  jr#*  * +*+99  #*itrttn*»in*m»nknin«ntf>©®©>fl©  j  *•*»***- ****** '•**»*»^*'®©®©«®  ®©®©©®**ff*  O' ff'C'0*9'<r  r'©©©©®©©©©©©©**— «*«- 


PLATE  0-23 


-4  JT  4  *»«  <f»  o  «**»V w>  JTtfl  *0  **«  9*  0«-t  <NJ*0  *■  tf)«A  9 

\  JV<V  <VM  -M ftl <VN  Nt>» N f* W N NN <*<M  <\l MW  *|f\|M (V<V 

n  o  <r>  e  tf^e /i  OiT  « «f>e  e  «n  e«r  o  9 />o  m  o  «n  o  «n  ca  «>e  jie 

v ^  #  JPlrt  <■»  o  »*•  *4  *>  p*  o  ®*-  *4  ft*  <vro«o  »*  tf>  iO  e 

**—«•  —•«*  Ar<V<Vnj<V<V<V(V(V*>'O’*)»'>'0  *»***>  *)*)*’>  4>o 

NMMV<MNfVA|(VNf(tllN(HNN('i(V«l(VntN(V^<yi<V(VMVMN 


PLATE  D-24 


tsMuiwnii*  nivnti'ii  siuu  itivnns  ni  v3ti» 
iimoiv;  >i  i.i  s>m  iu  intriDi  nn'ins  m,i  m3  jiflfw  ni  snoU 
sum  ivjo.iuu  >  uwtiNini  ni  ivti-tiv  1.1  n.imnu  »ni  imvuwiis  iooim^h  30  onii  39VM01S  unv  miJ  *v3.i 


ISAIVf/V  M  fJVS  WV<I  JU  ANVWUOS 


U.W 

0*1^ 

Z>^L 


■u 


oooooooo 
O  3003003 

oooooooo 


r*  o  o 


QC 


oooooooo 

OOOOOOOiT 

OOOOOOO 


wC 

-Wk 

x>-u 

<3 

CO 


;ccnc>r^.', 
—  3(Tro 


<o  •  • 
>o«vo 
•  « 


rw 

OCK 

C<U 

x3w 

«►-« 

Z(rt 


^  — 

7'c^cjoukvos- 


<  o 
—  <o 


z 

■«  oooooooo 


c >-a  oooooooo 

-ft.  . . 

X JZ  OOOOOOO 

<au 
c  > 
o 


z 

o 

— U1 

«> 

H-OO 

z-w 

or*  •«o 

<<  -J 

30J 

gsiT^O  Nior.Oi/1 

>zu. 

Z  >kj 

uOh 

• 

«J>-3 

XU«fl 

ulMO 

««/?  • 

Z  UT» 

X 

oooooooo 

c 

zioinooooo 
—  or  o*»«-<M*noins 


